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Earthquake Seismograph Development: 
A Modern History— Part 1 


Ben S. Melton 


The years from 1948 through 1976 saw numerous 
changes In electrodynamlc-type earthquake seismographs. 
During this period, these seismographs and their associated 
ampMlers, recorders, timing systems, and power supplies 
ware adapted for worldwide service under many operating 
conditions. These developments required and led to a batter 
understanding of the fundamental limitations on design, ulti- 
mately allowing small but adequately sensitive Instruments 
lo be built for Installation In cased holes, thereby avoiding 
undeslrad local surface disturbances. The recording system 
developed within this period permits ready review and com- 
pact storage of selsmologlcal data. 

Introduction 

This history ot development of modern earthquake seismo- 
graphs covers the period from 1 948 through 1976. This au- 
thor's Involvement with many decisions and occasional con- 
tributions Is documented by personal records and some pub- 
Ished reports. Some personal recollections ol several 
Individuals who were Involved over the same'perlod of years 
are Included. All of the well-known American seismologists 
who were active during that period Influenced and supported 
the dsvelopments by their advice, so the engineering ad- 
vances described here were of a nature to forward the sels- 
mdoglcal art in a practical manner. 

In writing such a history, one needs to compose a presen- 
tation easily followed by the reader rather than to follow a 
strict outline of dates. My choice is to present first the se- 
ntential history of seismometers, followed by that of ampli- 
fiers, then recorders, and finally, timing systems. This in- 
vokes a slight repetition of material for tha case in which a 
modulator has become a part of the seismometer, but in gen- 
eral, the sequence of developments was independent for 
seismometers , amplifiers, recorders, and timing systems. 
However, because of the length of this chronicle it has been 
separated Into two parts. The first part will cover seismome- 
ters, the second, the remaining components. For the reader's 
convenience, the figure numbers will continue through the 
second part, which will be published In a forthcoming Issue. 

Prior to 1948, earthquake seismology in this country had 
an academic background. As a rule, a seismologist would 
purchase or have built a seismograph Instrument or in- 
struments suited to his interest In particular seismic phenom- 
ena. The different apparent surface speeds of seismic 
phases composed of compressive and shear waves enabled 
him to Infer the distance of a given earthquake. Characteristi- 
cally, one instrument or seismometer might have a sprlng- 
wpported mass constrained to move vertically and with a 
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Fig. 1 . Geometry ot a horizontal-component seismometer, showing 
the relation oi Its hinge axis lo Ihe vertical. 


natural period of about 1 s. A different instrument, or rather 
two more instruments, would have masses hinged on a verti- 
cal mast and constrained to move horizontally. These seis- 
mometers would be oriented so that one could respond to 
north-south motion, the other to east-west motion. Their peri- 
ods would be on the order of 2 or 3, sometimes as much as 
20 s. The short-period vertically responding Instruments 
would best respond to the refracted compressive waves that 
travel through the earth's interior, while the horizontal mode 
instruments would respond to horizontal components of the 
longer-period shear waves. 

To record distant earthquakes, the motion ol each seis- 
mometer had first to be magnified by mechanical, optical, or 
electrical means. The early mechanical systems were easily 
analyzed in terms of response to earth movement, and these 
instruments were well covered by Dewey and Byerly [ 1 969 1. 
Their history of these instruments ended with the beginning 
oi the 20th century. They mentioned the electrodynamic 
seismograph with galvanometer, which was Introduced by 
Gal/tzln 1 1 903], but did not discuss it. 

When Prince Boris Borisovich Golitsyn (Galitzin) coupled 
the already well-known galvanometer to a seismometer pen- 
dulum through an electrical coil moving in a magnetic field, 
he laid the foundation for engineering development of the 
modern electrodynamic seismograph. Galitzin's galvanome- 
ter mirror deflected a light beam which was focused on sensi- 
tized paper that was carried on a rotating drum, thereby trac- 
ing a waveform that was related to the earth's vibration. 
Seismologists followed this earliest documented work by de- 
vising various models lor different purposes. Among better 
known names within this country are those of Wanner ( 1929|, 
Benloff [1932], and the W. F. Sprengnether Instrument Com- 
pany, Inc., of St. Louis, Missouri, which built seismometers 
for various seismologists. In general, the electromagnetic 
seismograph In use until 1 950 employed this photographic 
registration on film or paper wound around a slowly rotating 
drum. The drum was translated along Its axis to allow several 
hours of recording on the same strip or sheet. This system, 
the electromagnetic or electrodynamic seismometer with its 
associated galvanometer and photographic recorder, pro- 
vided high and controllable magnification at periods of inter- 
est. The seismometer could now be installed in a location 
less subject to nearby disturbances, and the recorder could 
be located more accessibly. Such was the status of most in- 
struments In observatories before about 1950. Many obser- 
vatories still use this arrangement. 

However, the development of nuclear weapons after 1 945, 
and national concerns about the possibility of clandestine 
tests of such weapons, led to demands for some means of 
detecting such tests, selsmographlc monitoring being one 
obvious choice. In 1947, Chief of Staff General Elsenhower 
assigned this task to the Signal Corps. With the reorganlza- 
tlon that resulted from the emergence of the U.S. Air Force as 
a separate branch of the armed services later that year, the 
first secretary of defense, James Forrestal, reconfirmed Ihe 
assignment to the Air Force Office of Atomic Energy. Funds 
became available to this office in 1940, and a staff of civilian 
scientists was assembled under a military structure. J Allen 
Crocker of that staff hired this author e6 a geophysicist In late 

Review of available Information on selsmographlc In- • . 

slruments In 1948 and 194? showed that none was adapted 
for rapid manufacture and standardlzallon, which would Facil- 
itate use by anyone othBf than an experienced seismologist. 
However, basic knowledge of mechanical and 
slon was available In some government aboratorieS. The Da- 
Twot Model BasInlnCardemck.Ma^anM Navy tecll- 
Itv had already designed some lon^perlocr horizontal com- 
Mnen t seismometers lor use In tracking storm mlcrosetsms. 
^ese werebullt by Reed Research Inp. of Washington, D.C. 
The Stanley Aviation Corporation of Denver, Colorado, was , 
Sw MddSon a contra# W develop ,8h0 ^’P 1 ^°d 
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Basic Mechanical and Seismologlcal Problems 

As distant earthquakes can produce ground vibrations with 
periods from a few tenths oi a second to 20 lo 30 s, seis- 
mometers have usually had natural periods within that range; 
It has been customary to have at least Iwo sets, one set with 
natural periods of a second or two and another set with long- 
er periods, sometimes 10 s or more. Two sets ralher than 
one have been employed for senaing distant earthquakes be- 
cause there exists a high and continuous vibration of the 
earth, called microseisms, in the period range from 3 to 8 s. 
These microseisms are caused by ocean wave action Im- 
pinging on continental shelves. 

In 1 948 the microseisms were well known, but only rarely 
measured in amplitude at various periods and many loca- 
tions, although the Navy had an ongoing study of their propa- 
gation speeds and directions relative to ocean storms. On the 
other hand, the natural period of the Navy seismometers was 
a handicap to Ihe study of weak short- and long-period earth- 
quake waves from great distances. Thus Ihe scientific staff 
under Air Force auspices directed attention to separate seis- 
mometers for short and long periods. 

Ultimately, the natural period designed into any earth- 
quake seismometer depends upon the earth's gravity. Hori- 
zontal component instruments are designed like a ‘garden 
gate,’ that tends to swing shut because its hinge axis is 
aligned to Intersect the vertical above the mass of the gate 
itself. Vertical component Instruments must have a spring 
force that will neutralize the earth's gravity and allow the 
mass to have a rest position within a limited travel amplitude 
while sensing earth vibrations. Figure 1 shows Ihe principle 
of the 'garden gate,' In which tho force of the earth’s fiold 
along AB is reduced by the cosine of tho angle OAB. The 
spring torco that supports the mass of a vortical component 
Instrument should bo linear with respect to spring extension, 
and for a slmplo coiled spring this becomes a large physical 
dimension for porlods greater than a few tenths of a second. 
The length of a simple vortical coiled spring that supports a 
mass must be such that its extension E is given by the for- 
mula 

E - g7*/4ir 2 

where g is the acceleration of gravity, T is tho period in sec- 
onds. Thus lor a 10-s period the spring sketch E would bo 
about 25 m. Although LaCoste had devised his long-period 
suspension by 1 934 , and LaCosto and Romborg analyzed it 
In their 1942 patent of a ‘force measuring device,' it was not 
well understood by seismologists in 1 948 or even much later, 
when LaCoste was building and selling practical gravity me- 
ters. 



Fig. 2. Sketch of the spring suspension ol the output coil of tha 
Stanley short-period vertical-component seismometer. 
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Fig- 4. DTMB horizontal- comport enl seismometer. 



Fig. 5. Sketch showing principal construction features of the DTMB 
vertical-component seismometer. 
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Early Designs of Sensitive Seismographs 
t T t 1 ° Stanley short-period seismographs and ihe David 
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ment of Terrestrial Magnetism (DTM). The vertical from- 
poneni) Stanley seismometer used the coll es its mass The 

Shftr 8 i?i a fld ^ ! was su PP° rted a strip of spring phos- 

phor bronze (later replaced by ’iconel) that was fastened rin 

Sf ^nt QndS K. U K b0nl lnt0 a shape resembling a ’bishop's 9 
Jfi'* Hame which stuck to it at the time. Figure 2 is sketched 
oshow Ihe essential parts of this device, which by its non 
keep l,s vert,cai 

sonable bounds while supporling the mass-coil This ar- 
rangement was never successfully stabilized, however The 
horizontal component Stanley seismometer was hunt nn iho 
garden galeprindDlo. Fiouro 3 Rhnura lha nmn .^*1 
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W ',"" D “oismomeiers flid not generate a seismic 
u S?L ° ^ m ? v,nfl ,n a ma 9netic field. Instead they 

thoi coma?no^ Was P^edbya dashpoi 

The capacitance bridge network was led by loo kHz from 
a crystal controlled oscillator and buttoramplriinihen the 

ris ?mv^ aS rhe P0 " du,urn Presumably centered in 

its travel— there was no signal output to an amplifior-demod- 

h i Any ^P^emenl of the pendulum un- ' 

balanced the bridge, supplying a 1 0O-kHz signal with maani- 
ludeprosumabiy proportional to displacement andpbase^L 
pending upon direction of displacement from the balance d ■ 
point. A phase-sensitive detector, or demodulator, provided a 
signal at seismic frequency. This seismic signal followed two 

^ S .°,H eWa8 i hrOU9h amp,i,iBrs I® ^e Brush S^The 
other path was through yel another amplifier to a positioning 
electromagnet whoso field was arranged to oppose the field . 
or a permanent magnet mounted on the penduSum. Such a ’• 
negative feedback reduced iho natural period of the pendu- ' , 
|um, thereby reducing sensitivity at lha longer perfodsby ef. 
Feclively Increasing the passband for seismic signals. Roura 
4 shows th e DTMB horizontal component seismometer. .The 


electromagnet feedback case Is back of the pendulum In this 
photograph. 

By mid-1949 the DTMB group, under George Cook, had 
built an experimental long-period vertical component seis- 
mometer whose principles are Illustrated In Figure 5. The 
spring force here was applied as a torque at the hinge end of 
a long arm that supported the mass, and several fixed per- 
manent magnets offered a measure of control and stabiliza- 
tion by opposing the field of a magnet mounted on the seis- 
mometer arm. The centering of the mass was aided by prop- 
er positioning of magnets below the arm, and the period was 
affected by Ihe magnet horizontally opposite the arm, produc- 
ing periods as long as 30 s or more. The torque assembly 
was comprised of strips of spring metal which had low-tem- 
psralure coefficients of expansion and rigidity, but the system 
could not be stabilized for actual service and was never de- 
veloped further. 

One set of the DTMB horizontal component seismographs 
was put Into experimental field service by Beers and Heroy, a 
partnership between Roland F. Beers and William B. Heroy, 
Sr., In Troy, New York. Of that organization, staff members 
aclive today Include Jack H. Hamilton, Braden B. Leichllter, 
and Martin Gudzin, all currently associated either with Tele- 
dyne or Teledyne Geotech In Garland, Texas, hereafter re- 
ferred to simply as 'Geotech.' Seismologist Carl Romney, a 
graduate student recommended by Perry Byerly, was with 
the Troy organization originally. 

The DTMB seismographs were In the field near Troy, New 
York, and operating al the time of the magnitude 8.7 earth- 
quake of August 15, 1950, which was located 28.5 e N, 96.5°S 
(eastern end of the Himalayan range). But when word of the 
quake was received through Carl Romney, 'Brad' Leichllter 
visited Ihe observatory and found the operator asleep The 
excuse: ‘When the pens went wild, I decided It was (In- 
strument) noise and shut it down.’ However, consideration of 

lo?^ 

erles for plate current resulted in discontinuance of the man- 
ufacture and development of both Stanley and DTMB ln- 
s ruments. This would have happened even had It been pos- 

nnrf is £K IOVe ! h ST- Pow0f su PP IIes with long-term stability 
in ?M8 andfo™ eahy? 96 ff 6 ,C power ^ ne W0re not av al*ab | e 

"“tons 0 ™ °' PraC,ICal S6,Sm0 « 

manufactured instruments. Investigation 

vanomS w? f short-psriod seismometer, with gal- 

anometric registration on film, located in California had 
■» Eniwetok nuclear explosion d July 24 
was k ™ wn 38 'Bikini-Baker. 1 The print of Figure 6 
ows this record section on the lowest trace. The sauare 

p lB *l on a11 tracas are 1 m in time marks. This record was in 

:^bkess!ihb£ sssr 

update manufacturing drawings, and Geolech put both rertl- 












Fig. 9. Presa-Ewing long-period vertical-component arfsm** 
with LaCoste suspension ^ 



Fig. 10. Geotech long-period vertical- and horlzontal-conipoiw 
seismometers. 


cal and horizontal seismometers Into production. Theseve 
slons are shown In Figure 7. 

Benloffs original paper, published in 1932, pointed oulfl 
the instrument’s magnetic structure (technically, a VariaWa 
reluctance' structure) had the effect of reducing spring SHI- 
ness, thereby shifting the natural period slightly above a hi 
second. Also, that paper discussed the advantages of usirx 
a long-period (La, 14-s) galvanometer with hls short-perioc 
seismometer. By 1957, Benioff had put in service a soismo 
graph designed to respond to the normal dilatations! mods 
of the earth's vibration. He housed one of hls variable reluo 
tance seismometers In a stiff cylindrical steel chamber to re 
dues its response to barometric pressure variations. Toths 
seismometer he connected a galvanometer that had a nafo 
ral period of approximately 10 min. The seismometer pariol 
was adjusted to about 2 s. The external critical damping re- 
sistance of the galvanometer was 135,000 ohms, and the 
transducer winding had a resistance of 135,000 ohms. Ttf 
«he response to short-period waves, a capadlad 
iqc n« was a hunted across the transducer, followed bya 
r 35,000-ohm resistor in series with the galvanometer. TNi 
arrangement makes the response constant to ground re- 
placement within ±3 dB from 2 to 6000 s. When capacitor 
and resistor are removed, response to velocity Is constant 
over the same range. However, today’s negative attitudes 
about galvanometers have tended to close this avenue, a® 
tnough It was Investigated by Wanner [1929] and reinvest 
, by the Natlonal Bureau of Standards (NBS) about 
i960, in a study by D. P. Johnson and H. Malheson of the 
Bureau.* 

I n addition to their theoretical studies, Johnson and Maifr 
8 ? ,be ald °* masl0r machinist Henry A. Schmidt.* 5 
or NBS, designed a short-period vertical component seis- 
mometer in which the permanent magnet was used for the 
mass, while the electrical coll was mounted In the 
ure 8 shows this Instrument. A period of 0.8 3 was acWsv# 
by supporting the magnet mass from three levers, which ir* 
auced the force of very stiff springs. The springs were ma« 
very compact and could be given a prestretch In their noff|» 
position. The effect of spring stiffness was reduced by a I® 5, 
tor of io In this manner; this was equivalent to making we 
springs to times as long. These Instruments werefljjJJJ 
ged, and some of them eventually replaced the vertical 
ponent Benioff seismometers. Some details of this In* 

m niHf nt wsre shown discussed by Melton andJom 
11962]. 

*Q l o S B 0port 7454 was first Issued In 1 962 . The final docu 
Zr m J 6 :} 089 > was Issued In 1 978; but this report never 
the public literature because Its authors declined to discuss 

the same material. In lieu of such dlsousgT 
?? ne 2 aN of ‘heir variables and Included those of the sartor na- 
ture, where appropriate, for the reader's reference. •' 
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Fig. 12. Sprengnelher long-period seismometers: (a) vertical com- 
ponent, (b) horizontal component. 


During the study of this seismometer and others there was 
much discussion of how small a mass could be adequate. 
Clearly, the greater the mass, the more energy available from 
earth vibrations to be recorded. Also, the Instrument self- 
noise power was believed to be inversely proportional to the 
mass. Both considerations suggested that there should be a 
minimum acceptable mass. Wolf discussed Ihis in 1942, 

Byrne In 1961 , and Johnson and Matheson about the same 
lima. With these studies and other factors In mind, the 18- kg 
mass of the NBS seismometer was thought to be just ade- 
quate. Only years later did review of earlier published theory, 
by 0. D. Starkey of Geotech, Block and Moore [ 1 966, 1 970 J, 
and the present author, establish the fact that the damping 
energy was the only source of thermal noise— the ultimate 
limit of useful sensitivity. 

Of course, the total damping energy depends on the mass, 
so if the mass is very small, Ihe absolute damping must be 
very low— effectively, the 'Q' must be very high. Also, it 
should be noted that the external damping power of an elec- 
trodynamic seismometer provides the only means of register- 
( ngil8 mollon or, equivalently, transferring information out- 
siqb the Instrument. The Internal damping, Including coll loss- 
es, does not transfer Information. This theory and supporting 
earlier experiments were covered In a review paper by Mel- 



■U 

II! 


BBIIliU 


Earthquakes and explosions both produce seismic body 
and surface waves; however, explosions generate relatively 
weaker long-period surface waves than do earthquakes. 

Thus to distinguish between earthquakes and explosions, 
long-period seismometers are desirable in association with 
short-period seismometers, but experience with the DTMB 
Instruments discouraged development until Ewing and Press 
1953], at the Lament Geological Observatory of Columbia 
University, put into service a long-period vertical component 
seismometer that was built by Lehner & Griffith of Pasadena, 
California. Figure 9 shows this instrument which was com- 
pensated for varying air buoyancy by an outrigged hollow 
sphere which had a volume equal to that ol the seismome- 
ter’s inertial mass. This instrument employed the LaCoste 
'zero-length spring’ suspension, thereby emphasizing Its 
practicality. However, the seismometer was not shielded 
against air currents or Insulated against temperature 
changes. 

The need lor temperature stability and Insensitivity to air 
currents and barometric pressure changes called for an en- 
closed design for production. Accordingly, Geotech provided 
a design with a base and an airtight heavy case of Mehanite, 
a cast-iron alloy, which was clamped Into a gasket around the 
perimeter of the base. The long-period vertical component 
was manufactured as Geotech Model 7505A. The associated 
horizontal component was Model 8700C. Both models are 
shown In Figure 1 0. The vertical component shown In Figure 
1 1 has a balancing weight whose position can be changed by 
a motor drive that adjusts the mass 'rest position' to Its center 
of travel. This model worked well at natural periods up to 1 5 
s, but many instalments were unstable at periods greater 
than 20 s, chiefly because the LaCoste design was neither 
well understood nor well executed, and partly because of un- 
suspected paramagnetism of the electrical coil form, which 
was later corrected. These Instruments were put in service 
late in 1962. The problems with these Instruments resulted in 
publication of the Mellon [1971 1 paper on the LaCoste sus- 
pension. 

Sprengnelher also built modem vertical and horizontal 
long-period seismometers, which are shown In Figure 12. In 
a well-protected environment these instruments sen/e as well 
as those of Geotech. In 1 962, Sprengnether long-period ver- 
tical and horizontal component seismometers were installed 
as part ot the World-Wide Seismograph System operated by 
the Coast and Geodetic Survey ol the U.S. Department of 
Commerce. The vertical seismometers have a temperature 
compensator to adjust for gradual temperature changes, and 
both vertical and horizontal instruments are provided with 
metal covers with healers and expanded polystyrene covers 
over the metal. These covers are not sealed however. 



Fig. 14. Melton variable period seismometer. 
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Fig. 1 5. LaCoste suspension as employed In tho symmetrical In- 
axial seismometer; 6 represents tho anglo of tilt. 


Justification of the Mass Requirement for the 
Electrodynamic Seismometer 

Throughout the period covered by this history, justification 
of the magnitude of the seismometer's inertial mass was a 
major concern. The mass had to be sufficient to deliver ade- 
quate energy for recording minimal earth vibrations. On tire 
other hand, an oversize mass would increase problems of 
handling and shipping. 

In 1963, using NBS Report 7454 as the reference, I made 
calculations to determine the minimum acceptable mass for a 
seismometer designed to detect weak long-period earth- 
quake waves. The practical example taken was a 10-kg 
mass seismometer, which had a natural period of 15 s. close- 
ly coupled to a galvanometer that was recently designed by 
Forest K. Harris of NBS. That galvanometer had a natural 
period of 1 00 s and a moment of inertia ol 4 -.1 0"* kg nr. 
and it was to be used in a phototube amplifier, a device which 
will be described ip part 2 of this history. 

In NBS 7454, w o , <u g , and tu m refer to (he natural angular 
frequencies (radians per second) of the seismometer, galva- 
nometer, and geometric mean ot these frequencies (c» 0 t» g )' \ 
respectively; 4 is the ratio b>/u m . where oi is the variable; x 0 , 
A gl and \ n refer to fractions of critical damping for Ihe seis- 
mometer, galvanometer and geometric mean (a a 0 ) 12 , re- 
spectively; y is taken as earth displacement, ana fl refers to 
the angular deflection of the galvanometer coil, so the frac- 
tion ylB represents the earth displacement in meters per radi- 
an of coil deflection. Similarly, a fraction MtK is the ratio of 
seismometer mass to galvanometer moment of inertia. 

Equation (6.3.22) in NBS 7454/NBSIR 76-1089 is 


where 


4\m 2 M/K (yle)* = «*-* + + B- - A- 


A * = 2(<u 2 + 


b = <8 + A<)yaA 

As all quantities on the left side of (6.3.22) are real and 
positive, physical reality demands that the right side must be 
positive for all vajues ot <f». The minimum value of tfr 6 + <£ z 
occurs at 4 = $ 3 and is 4 <- 3^3. For the probfem at hand we 
can take a at midband, so that $ « 1 . Then, substituting the 
angular frequencies, we find that A 2 = 13.64, B 2 = 43.13, so 
that 

4 x 0,8 2 M/K(y/fl) 2 = 2 + 43.13 ~ 13.64 =31.49 


y = 3.51 0[KIM) 

Substituting the seismometer's 10-kg mass and the galva 
nometer's moment of Inertia 4 x 10-® kg m sr 2 , we obtain 
KJM « 10- 7 , so that 

y » 2.22 x 10* 3 0 meters 

. Experience had shown that we could observe and record a 
galvanometer angular deflection of some whal less then a mi 
croradlan by using a phototube amplifier with a good power 
supply. Taking ff » 1 x 10 e rad.wehavey *= 2.?2 x 10 *m 
at a period of 38.7 a. 

. When the above calculations were made, there was little 
information on the expected amplitude of microselsmic noise 
at the longer periods. The data of Troll (19651, Sa vino ef af. 
[1972], Murphy ef al. 119721, and Fix [ 1972] were not avail 
able. These data were reviewed and collated by Melton ' 

■ [1976], and It is Interesting to reexamine the choice of a 10- 
kg seismometer mass with the long-period galvanometer, ]n' 
light of the later Information. . 

Unfortunately, the spectral analysis presentation of asta 
tlsiical sampling procedure masks the fact that at any given 
time the microseisms are nearly sinusoidal and mostly at one 
period. Similarly , earthquake waves usually have a maximum 
amplitude al soma period that changes slowly^ anti ills this 
amplitude upon Which detection depends. Therefore, we 
need to realize how mlcrosdlshjs oyer a narrow band ate 
translated into a statistical value taken over a longtime,. 1 s.j 
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Fig. 1 6. Construction of La Costo suspension In ono element of tho 
trlaxlal soismomoior. 
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. ( , a> 83510 configuration of tritiexura hinge, (b) ln- 
KS?"- ,0fce “"P 10 08 inn B f member is rotated Fomina ooen 
tfte outer housing at the sl.lon the right produces a tensH^F 

^f^fh Cr ? S5l °?- P ^ nl Qf lha ,IexurBS moves away from the central 
axis, lha force F tends to produce further rotation The net result in m 
increase the seismometer natural period. r0su,t ,s to 


1 19761 a d nrt 25? 13 ' wh,ch 18 reproduced from Melton 
rom 12 S J?5? e ,he region which stows curve maxima 
nirr? J Z ° l 8 1' ^ curva shQuld be Interpreted simply as 
£2?"» ® h, S h probability lhal nearly sinusoidal micro? 

ap P? In th ' a band ’ and b Y th0 same tokentoev 

SE^I hind P A? abi,,ty ° f earlhquake wavB defection in this 7 
same band. As we cannot validly reduce any statistical value 

enfl W some specific vafue ofenergya"a U 
sing o frequency, wo must choose a bandwidth for con 
v«rs,on purposes. Based on tmfmSSSSlSlSI £L 
measurement of microsefsmic amplitudes to Ihelnlorstatis- 
ocfive QUOnCy aiWlySiS ' my compromisQ choice Is one-third 
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beadvsabto unless a galvanometer that has a low^Sanfi : 
of inertia were chosen also. For example, a LehS^OrtffiS? ’ ‘ 
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Earth Noise Studies 

As late as 1958 the ssfsmological literature disclosed very 
little information on the amplitude of microseisms and cultural 
noise relating to geology, geography, lime of year, or fre- 
quency of occurrence. However, In 1949 the Naval Ordnance 
Laboratory (NOL), located In White Oak, Maryland, was as- 
signed to Investigate these phenomena. No Instruments 
were available for this study, so a laboratory group under the 
direction of J. V. Atanasoff, later directed by Ben Snavely, 
undertook to build small vertical and horizontal component 
seismometers for field deployment. These little seismome- 
ters, designed to go down a hole, used masses of about 1 00 
g. Most of the suspended mass of each Instrument was In a 
Hat plate centered between two fixed plates, and the combi- 
nation formed part of an electrical bridge that controlled the 
phase of a high-frequency carrier current, which was ampli- 
fied and demodulated to give the low-frequency seismic sig- 
nal output. The mass/plate of the horizontal component in- 
strument was mounted on the top end of a thin flat spring. 

The vertical component mass/plate was also attached to a 
tlat spring member, but a vertical coll spring was added to 
offset gravity. Both components had a natural mechanical pe- 
riod of about 1 s. A patent Issued to Atanasoff and Kolsrud In 
1 956 reveals the details. 

These Instruments employed electrostatic forces to modify 
their response. A controllable do potential difference between 
moving and fixed plates served to decrease the effective 
spring rate (restoring force), thus Increasing the period to 
several seconds. Biasing this potential In favor of one or the 
other fixed plate served to recenter the movable plate. This 
recentering bias was provided by a long time-constant (-200 
s) Integration of the demodulated signal output, thereby re- 
1 l 5j on fl -terrn drift. The demodulated signal output was 
also differentiated and fed back to provide controllable damp- 
ing. The amplified signal output of each seismometer drove a 
galvanometer that deflected a light spot on photographic film 
which was translated to provide the time axis. Also, the am- 
plified signals were fed to EsterJine-Angus chart recorders to 
monllor seismometer operation. 

The NOL seismographs were deployed late in 1949 and 
ra ? d . ^ toUtary personnel through much of 1950, 
serving to relate mlcroselsms of different frequencies to dlf- 
ferenlUmes, as oceanic storms varied conditions of genera- 
ting H T 9T ‘ ^ 080 lnstrum0 nts were critical In adjustment 
uSStaSES?!! 10- 'ty anri electrically, and not well suited to 
because ff 0 "' Ateo ' lh ? r Daltons were restricted 
a cowwcta! JEffE SUPP " eS lha ' r6qUired COnn0c,, °" t0 

notes studles"^!^.. S " ln ® sel8mome * 0rs lor earth 

T"? as more toservatonas were set up at nu- 
merous geologic locations, the construction of seismometer 
vaults was found to be Important. Finally came the realization 

mein V0f I 3 < i oncr0t0 vau,t bsn8a ‘ b the surface required a 
™ ns of ®tof nce which, if part of the structure, coupled the 
entire vault to the surface of the earth, thereby tranamittinn 
orptfnn dls,urbanc «s to the seismometer. Therefore, consid- 
a !? n was 9*ven to designing seismometers that could be 

controls" * de9P h0 ' e and «■ - necaas^ by^amota 
ES Pate&anv?' T Ch ° 3en ,hls a 4. which 

Kw.isaas&SSsr^. 
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Fig. 1 9. Single module of the trlaxlal seismometer. 


This Instrument had a 100-kg mass and provided suffice 
electrical output to ensure adequate sensitivity for meas™ 
a very low noise field at great depths. The first well survey* 
Magnolia s Trigg No. 1 , was located in the northeast part d ' 
Tf[f u nt County, Texas, on the present site of the Dallas/Fwi 1 
Worth airport. The well was about 3000 m deep, botloradin 
limestone. 

The Variable Period Seismometer— Its Concept and 
Use r [ 

Ini 959 the author suggested, with a construction sketch, ! 
tnat a variable period seismometer be devised foruseby am 
seismologist for his particular interest. The concept waste 
provide the critical parts unassembled, to be put together by 
the individual seismologist. However, funds were unavailable 
until toter, when discussions of the atomic test ban took place 
and the USSR representatives offered some of their seis- 
mometers for comparison. As there were no comparable 
American seismometers available, funds were provided, anJ 
the Melton seismometer (Figure 14) was created. In this sw- 
mometer the 5-kg mass can be moved to or from the hinge, 
and the spring tension can be adjusted by stretching orreia; 
Ing the spring. A steel tape attached to the spring Is wounds 
or off a drum through a worm and gear mechanism for this 
adjustment. The natural period is variable from 0.5to7s. 
while the electrical circuit resistance required for damping 
mains nearly constant. Hamilton and Stephens [1962] mfifr 
Hon that this Instrument was installed at the Dallas Seismo- 
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fto 21 . Ocean bottom seismograph developed for the Scrlppa In- 
stitution of Oceanography. 
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Fig. 22. Russian geophysical prospecting seismometer showing 
symmetrical triaxial arrangement of three of its sensors. 
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fig. 23. Signal traces from the four sensors of the Qal’perin seis- 
mometer arrangement. 


logical Observatory at Southern Methodist University (SMU) 

0 provide a flat “velocity" response over the period range 
* r om 1 to 100 s. 

rhe Symmetrical Trlaxlal Configuration 

Emphasis on adequate Identification of long-period earth- 
quake waves Influenced the next development. The In- 
n^i? 0nt was descri bed and patented as an ‘Angular Com- 
posite Seismometer,' but it became known as the 'Symmetri- 
s* Trlaxlal Seismometer.’ In such an Instrument the 
teJ K 5J nal rilrections of response form equal angles of about 
wn i Ved ‘ ca l- These orthogonal directions permit 
noH S i acc8leration components that can be rotated al- 
J raica "y to the conventional horizontal and vertical dlrec- 
knmli ,r S vicJed the Physical orientation of the Instrument Is 
The advantage of such an arrangement Is that all 
a i s P r ' n 9-mass systems are designed Identically, giving 
arm Sr asaurance of matching characteristics. Also, as the 
hoH7 Car ! yln9 each masa 18 w“ hln about 35’ of the vertical, the 
Biom? 1 al d,rn0 hslon can be less. Then stacking the three 

MI0nt8 VSrtlCBlIu normlta a ellm Hoelrm onltftH tn nilttinO 


knnuL -r a me physical orientation of the instrument is 
The advantage of such an arrangement Is that all 
a i s P rln 9-mass systems are designed Identically, giving 
arm 9r asaurance of matching characteristics. Also, as the' 
hori7 Car ! yln9 each masa 18 w“ hln about 35’ of the vertical, the 
Binm? 1 al dirnens| on can be less. Then stacking the three 
riownah^ly p8rm,t8 a 8llm des ‘9 n > 8ulted t0 puttin 9 

8h ow that this composite seismometer was de- 
dwn? d oan associate on March 7, 1 960. The ultimate me- 
da^L? d ! 8,0n b y Bernard Kirkpatrick of Geotech was un- 
lnsiBitU n 1 966, and an array of these Instruments was being 
wa<T Ji ^ 0ar Fa,rba nks. Alaska, in late 1 968. The patent 
Ua ?_r d ln ‘963 and issued December 7, 1966. Theindlvld- 
ancB D JI! nt 17188888 were 10 kg because we had no assur- 
LaCriato tlme that a “Sbter mass would be adequate. Each 
finite na!5 pen8,on was designed and adjusted to the 'Ip^ 
ctianSnS p08itIon - Then the period Was adjusted by ! '! 
fTtoin?riS th0 i enB, °h on a special trlflexure hinge by way °f a 
The anHiTl' R9ure 15 diagrams the LaCostesuspertsIbn. 
basicrU ? 18 * Bro f or ’Infinite period: Figure 1 6 shows the ; r 
sign nS ^ ct,on one elament. Flgure.l7 (llustrates de-- , 
hinge of Wflexure hi {fa; Figure 18 shows tha i. 

given . d mo1 tor assembly. A mord complete.de^crlptlpn |s 
• ** Melton , and Idrkpatriojr [,1 970]: Weinstein [1965] 


discusses hinges of this general type as 'flexure pivot bear- 

Fig ures 19 and 20 show a single module and an uncased 
“V ‘bree modules with holelock underneath and a 
stabilizing device at the top. These instruments showed 
greatly reduced response to local surface disturbances 
caused by wind and atmospheric pressure variations, even 
though In some installations the depth was much less than 
planned, because of drilling problems. 

The symmetrical triaxial configuration was incorporated In- 
to an ocean bottom seismograph developed for the Scrlpps 
Institution of Oceanography by Earth Sciences Division, 
Teledyne Industries. Figure 21 shows the uncased assem- 
bly. 

The symmetrical triaxial principle has also found its way 
into geophysical prospecting. Gal'perin [1977| has published 
a book which describes a polarization scheme of recording 
all types of waves simultaneously. In (his scheme, four sen- 
sors are used. Three of them are oriented triaxlally, as sug- 
gested In Figure 22. A fourth sensor responds as an inde- 
pendent vertical component. Figure 23 shows signal traces 
from these elements. Trace Z* Is evidently the effective verti- 
cal formed by direct summation of the triaxial component sig- 
nals, while Z Is the Independent vertical signal. The Z -Z* 
trace, if quiet, indicates a true amplitude match of the vertical 
component signal amplitude to the signal composed of the 
triaxial sensors and implies proper calibration of all sensor 
outputs. 

Principles and Practices fora Radically Different 
Seismometer Design 

Even as the symmetrical triaxial was being developed and 
put in service, a new concept of mass-thermal noise relation- 
ship was evolving. The realization that the thermal noise of a 
seismometer depended on its damping losses (rather than 
on Its mass) suggested (hat a much lower mass and smallor 
seismometer could be devised, provided that amplifiers could 
compensate for reduced seismometer outputs. Briefly stated, 
the thermal noise (force) of a periodic system, electrical or 
mechanical, resides in its lossy elements. The system oscil- 
lations indicate the presence of some force, including ther- 
mal noise, but the amplitude of mass (or spring) oscillation is 
only a measure of energy, not the energy source Itself. 

O. D. Starkey of Geotech reviewed the work of McCombie 
[ 1 953 1, Mllatz and van Zolingen \ 1953 1. and Milatz et al. 

1 1953|, and by 1966 had composed a long handwritten treat- 
ise which included a 31-page section on 'Active Damping in 
Seismometer-Amplifier Combinations.' Block and Moore 
1 1 966, 1970| showed how active damping could be applied in 
designing an accelerometer, and I became fully aware or the 
principles in April 1970 when called upon as a consultant to 
evaluate the Block-Moore instrument. Essentially, the pro- 
posal was to provide a very small quartz seismometer with 
the desired damping— say. 0.7 critical— by applying negative 
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feedback force to the mass, proportional to velocity, rather 
than using loss damping of any nature. The little mass would 
be part of a capacitance bridge modulator to provide an elec- 
trical output as the mass moved. A general discussion of this 
arrangement follows. 

We have noted that the electrical load of a conventional 
electrodynamic seismometer provides the information out- 
put. So, if Ihe load Is eliminated, means must be devised to 
sense mass movement. This is feasible with a properly de- 
signed modulation scheme, which in itself produces negli- 
gible mechanical reaction noise. A modulator is generally un- 
derstood to be a device by which a low-frequency signal 
modifies a high-frequency carrier. The modulated carrier can 
then be amplified as desired, and a demodulator can recover 
the amplified low-frequency component. In this manner one 
avoids so-called 'one-over-f noise, a characteristic noise in- 
jected by all active devices that control do power (that is, am- 
plifiers) and which Increases dramatically at periods greater 
than 10 s. Figure 31 of part 2, In the section on carrier ampli- 
fiers. illustrates this with factual data. 

Application of the above principles eventually made pos- 
sible Ihe development in 1970 of a more useful downhole' 
seismometer— the Geotech Model 36000 seismometer- 
known locally as the 'K-S Seismometer, 1 after its designers 
Burnard Kirkpatrick and O. D. Starkey. This seismometer can 
be lowered Inside a 7-inch (outside diameter) 20 Ib/it API 



Fig. 26. Cased assembly of the Mode! 36000 seismometer, in- 
cluding downhole eleotronia components, ready to be lowered into a 
cased hole. 


casing. The uncased mechanical assembly appears in Fig- 
ure 24. In order, from the bottom upward, are shown lho two 
horizontal components* the, vertical component, and the air 
pulse mechanism. An air pulse is fed to a ball-and-socket 
joint al the top of each component case to tree Ihe Joint mo- . 
menlarily and allow the case to seek a. vertical position. This! 
la necessary because, in general, the hole Is not vertical. Fig- 
ure 25 shows a cased assembly, Including electronic com- 
ponents, ready to go down a hole. These seismometers were 
put In service In 1 975 as the Seismic Research Observatory 
(SRO) seismograph System, described by Peterson and Or* , 
slnl rT076| P Peterson et at. [1976], 
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News 


NSF Losing Earth Sciences Research Funds 


^ Foke^oQ^m SSS!* r *T m * »* 

spasSsSS* 


The Earth Sciences Division (EAR) of the National Sci- 
ence Foundation (NSF) faces a diminishing financial base 
from which to award grants for research, while the proposal 
pressure Increases. Robin Brett, director of the division 
stated, 'Now that the Ocean Drilling Division has become a 
separate entity [within the Foundation) Ihe Division of Earth 
Sciences has no major facility, and with the exception of 
COCORP, at $2.6 million per year, we are a small science 
division, consisting of four programs— geology, geophysics, 
geochemistry, and petrology.' 

Brett noted, however, that the field of earth sciences re- 
search, which the NSF attempts to support, has grown rap- 
idly In the past decade. 'Growth (in terms of people em- 
ployed in the field) is predicted to Increase markedly, as the 
fallowing quotation from Science and Engineering Educa- 
tion for the 1980s and Beyond (NSF publication, 1980) at- 
tests: 

"Among the sciences, growth (between 1978 and 1990) 
is put at 40% for psychologists, geologists, statisticians, 
and economists. Occupations with projected slow growth 
Include atmospheric scientists, physicists and astronomers, 
and mathematicians, all of which are projected at 10 per- 
cent or less.” 

'The average grant has decreased In dollar value rapidly 



HE AO-2 Completes Flight Mission 


9 \T!qc l econc i HjQh-Enorgy Astronomy Observatory (HEAO 
mission P COn,ral 088 8Upp! * completing Its fllgS 

ih w 8C i 6Crafl Was ,a unched Nov. 13, 1978. It carried 

onK.ellKlVedt NAS™ » s "““ s,ul ■* 

in operation. y third obS9rva lory. which Is still 

analyb^rampte^ they^K to 

data have already been ohiJn^^ r0 ??* V0<,t im portant 

Center officials reportedSK Marshal1 

reaction control gas Satirdav a Lmnnn d A d last of lts 
no longer maintain its pointSi V Pf 25 ‘ and could 
strumeni engineer^ S 2 ™? * Spacecrafl a nd In- 
les wars di^haS^ ^nd on TXln™? Un J" ,he 
morning, whan the sola^^ orb[t Sunday 

systems were powered down ReenTrvTnd^ 9 8Unll9ht ' 9,1 
Pecad to «. placa nax, * 


Petroleum Research Grants 


American Chemical Soctet/a Petrofau b r Ulr ° Uflh ,he 
(PRF). These grams are^ IntoiriSn m , R0a0ar P h Fund 
entitle education and fundament ^ 88 8 J ' advanced scl- 
laum_ field, 11 which may Sj ,n the >^0- 
whlch ... may afford l bSfaflnh LI 0f pur0 a ^nce 
rectiy connected with the petrotaurfSH^ research di- ' 

■nVy-Cottat, PRFprogrpm admlnlstSor accord1 ^ . 

The nrsl^c^e^^f^AcI generally , 3 d ^'* a ^ d ' '‘i 

[WW, B, Is for faculty research with uhJfrmL Th ? 80oond ' '> ■ 
fa academic dB P a dmente which do not vS r ^ dua ^ 0 ®*udent8 • 
flr«- The maximum a . 


TOTAL NUMBER OF PROPOSALS RECEIVED BY Efln 
AS A FUNCTION OF TIME 



IGlo I 9 G 7 1963 1971 1973 197 !> 19/7 


Fl ®' ™ . T 0ta ! n V mbar °l proposals received by the Esth Si 
ences Division (EAR) of the National Science Foundation as a 
function of lime. 


during the past decade or so, Brett said. In 1985 the avsr- 
age grant was close to $50,000.00 In the earth sdeticei 

lot G o« i0LJre ^ ln 1981 the avera 9® annual grant is about 
$27,000.00. Inflation has caused the decrease, while the 
ratio of the budgeted dollar per Investigator has remained 
less than level, and while the cost of research hss In- 
creased; Instrumentation is not cheap: one modem mass 
spectrometer laboratory costs $400,000.00, enough lo 
equip ten earth science departments thirty years ago!' 

At the same time, the portions of grants allocated to bs 
spent on investigator's salaries and Institutional overhead 
have increased. 

A major problem at the NSF Earth Sciences Division to- 
day is the enormous number of research proposals. Hlssi 
almost Impossible task to process the proposals, much less 
fund them. The NSF visitor today will see 1 0—1 5-fl slacks 
of proposals being moved about, warehouse style, by loA- 
lift trucks. A current joke at the NSF is that assislan! pro- 
gram managers are being hired just to enable the division 
to hire secretaries to handle the load of proposals. Con- 
gress has repeatedly cut the staff and operation of NSF. 
but the work load continues to Increase. The number ol 
proposals received by the NSF Earth Sciences Division is 
increasing by an exponential function (see Figure 2J.-PI- 


$10,000 for 2 years, Collat said, and are limited to faculty 
members In the first 3 years of their first faculty appoint- 
ment. These faculty members cannot have any major sup- 
port of their research, except for that provided by their fast- 
tution. 

Proposals, accepted throughout the year, are evaluated 
by the 24-member PRF Advisory Board. 

For additional Information, contact Collat, The Petroteum 
Research Fund, American Chemical Society, 1155 l6fo 
Street, N.W., Washington, D.C. 20036 (telephone: 2 mTt 
4481 ). — BTR 88 


Geophysical Event 


Pagan Volcano, Mariana Islands. Western Pacific Oca 
(18. 13? N, 1 45.80? E). All times ere Innal (QMT + MW- 


■ — ■ 'wuaiiu, ivtantuiu isiunas, VV&siam roniw *- 

(18. 13?N, 145.80?E). All times are local (GMT + 10 h, 
strong explosive eruption from North Pagan, the large 
the two stratovolcanos that form the Pagan volcano o 
plex, began on May 15. While reporting strong felt se 
Ity on the Island, radio operator Pedro Castro suddenl 
nounced at 0915 that the volcano was erupting. Co m| 
cation was then cut off. An Infrared Image returned fro 
Japanese geostationary weather satellite at 1000 she 
very bright circular cloud about 80 km in diameter ove 

Imlnnn. "PI - 1 . . . , A. an/. 


' "O"* L.IUUU i. UUU l OU mil III — 

volcano. The cloud spread SE at about 70 km/h, and 
1600 Its maximum height was estimated at 13.5 krn fr 
satellite Imagery. Weakening of activity was. evident to 
mage returned at 1900, and on the next Image, at 22 
feeding of the eruption cloud had stopped, with fa® P" 
mal end of the cloud located about 120 km SE 0f 
no. No additional activity has been detected on lb® ^ 
images, but by 0400 the next morning, remnants or f 
plume had reached 10°N and 155°E. • , . 


nau feacnea.iu''N and I55“t. , . . 

Aircraft attempting to land on Pagan Island were p 
®d from doing so by the eruption. At 1235, pilots 
mushroom cloud over the island and asMall ovor w 
ern and eastern ends. Ash falls were also repPjM 


oooiern enas. Asn rails were aisu 
Agrlgan Island, 105 km to the NW. Additional pjjoti 
at 1410 Indicated that the eruption was Irttens.lfyfagi 
the cloud had reached more than 7-km aithude^gl 
rress International reports that aircraft crews jITO 
sland at two dlffereht (but unspecified) ; times 
.to 10.5 and 18 km. The U.S. Navy reported 'faYSj 

■ oown the NE and NW flanW Into the' se^ an^aWJO 
d own the SW flank 'fa wlthln:1 km of the island^# 

■ ^ km of (he talret'rip, However, the aircraft 
pleasured 9urt0oe- temperature offthejTfa^^LS^ 


7 ; ^ fapuuy ,n^ U?alW8 . 
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Information contacts: Frank Smlglelski. NOAA/Natlonal 
Environmental Satellite Service, Synoptic Analysis Branch. 
S/OP33. Camp Springs, Maryland 20233. 

Gus Telegadas. Room 617, NOAA/Air Resources Labo- 
ratory, Sliver Spring, Maryland 20910. 

Robert Tilling, U.S. Geological Survey, Stop 906, Nation- 
al Center, Reston, Virginia 22092. 

U.S. Department of Defense. 

United Press International. SS 


Geophysicists 


Daniel P. Beard was appointed executive director of the 
Renewable Natural Resources Foundation, effective May 1 . 
He succeeds Gordon Fredlne. who has retired. 

Farouk El-Baz, of the Smithsonian's National Air and 
Space Museum, was presented with the Arab Republic of 
Egypt 'Order of Merit-First Class' by President Anwar Sa- 
dat. El-Baz, cited for his contributions to space geology, ad- 
vises Sadat on scientific matters. The presentation was 
made at the First Science Celebration Day In Cairo, on 
April 14. 


PW 




James F. Hays will succeed Raymond Siever as chair- 
man of the Department of Geological Sciences at Harvard 
University as of July 1 . Stever will remain on the depart- 
ment’s faculty. 


Peter J. Schreuder has been appointed a vice president 
at Geraghty & Miller. Inc., consulting groundwater geolo- 


New Publications 


Early Diagenesis, A Theoretical 
Approach 

R- A. Berner, Princeton Ser. In Geochem., Princeton Uni- 
versity Press. Princeton, New Jersey, xll + 241 pp., i960, 
$25 (cloth), $9.50 (paper). 

Reviewed by Donald L. Graf 


In the last 15 years the author has carried out field and 
laboratory studies of solid Importance to an impressive varl- 
of areas In sedimentary geochemistry. This activity, 
coupled with his lively curiosity about established theoreti- 
cal concepts In other sciences that can be brpught to bear 
on geochemical problems, has yielded numerous scientific 
articles and an earlier book, in 1971 . We encounter most of 
, 9 theoretical aspects of ihese publications again here, 
Ravened with additional calculations, more recent literature 
Citations, and additional Insights about applicability obtained 
ouring the Intervening years of teaching and research, 
ih k t rans Port equations that form the theoretical core of 
uiB book should be familiar to chemical engineers, hydrolo- 
ssis, petroleum reservoir engineers, and physical oceanog- 
Pners. Most of the applications are to ocean sediments, 
n® book is divided into a theoretical section, In which suit- 
, sequattons are developed to describe the physical, blo- 
aMjf nd chem, cal processes encountered In diagenesls, 
ennt? dlacussl °n of applications to marine sediments of the 
unental margins, deep-sea sediments, and nonmarine 
In th i* 8, however, because much of the literature cited 
ths ^T sr 80ct,on involves tests of mathematical models, 
Sanaa? is ln practic e an interplay throughout between 
Dermhi and sels of data * wlfa Interspersed excerpts from 
chaEn Qra ,lelds ( e< 9-> equilibrium thermodynamics, Ion ex- 
"S®! rate laws, mlrmhial roanflnns rumination, and 


crS 8 ' ra,B lawSi microbial reactions, nucleatlon, and 

Cf ystal growth). 


uivmnj. 

reaui??, lh0U9h 801710 useful mathematical simplifications 
sedimi rC ? n .i? )nslder,n 0 on ‘y the flrst tow hundred meters of 
^ ment, ihe problems considered are still very complex. 


TnBfvuY. wunaiuaisu ate aim voiy wjhikiwv 

tow Sr n ' Sense a PP roacb used b y Berner and his fel 


gists and hydrologists. He is the director of the company’s 
Tampa, Fla., and Baton Rouge, La., offices. 



Kenneth M. Watson was appointed director of the Marine 
Physical Laboratory at Scrlpps Institution of Oceanography. 
He comes to Scripps after serving for more than 20 years 
as a professor of physics and researcher at the University 
of California at Berkeley and at Ihe Lawrence Berkeley 
Laboratory. Watson succeeds Fred N. Spelss. who now 
heads (he University ol California's Institute of Marine Re- 
sources. (Photo courtesy of Scripps) 


Geophysicist Obituaries 


The following AGU members are recently deceased: 
Joseph M. Caldwell, 69, on December 21, 1980. Joined 
in 1942. 

William M. Chappie. 46, on February 18, 1981. Joined In 
1964. 

James E. Gill, 80, in January, 1981. Life member, joined 
In 1947. 

James Gllluly, 84, on December 31. 1980. Life Fellow, 
joined in 1934. 

Nathan M. Newmark, 70, on January 25. 1981. Fellow, 
Joined in 1962. 

Anthony J. Polos. 71, in June, 1980. Life member, joined in 
1942. 

Ernest Tillotson, 77, on March 29. 1981. Life member, 
joined in 1947. 

George D. Whitmore. 82, on February 9. 1981. Life mem- 
ber, joined in 1946. 


safety valves for models that do not quite fit— aragonite dis- 
solving in the middle of your calclte-dissolutfon study area, 
ions poisoning the surface of your mineral so that it doesn't 
follow an Ideal rate law in dissolving (certainly a demon- 
strated effect in some systems). One could, finally, list 
some misleading statements in the highly condensed sum- 
maries about peripheral scientific areas. 

However, none of these concerns does serious damage 
to the central business of modelmaking. Recent efforts that 
have been able to use several different kinds of measure- 
ments are particularly impressive, e.g., Aller’s lateral-diffu- 
sion model for predicting ammonia distributon In the biotur- 
bated zone and Emerson and Widmer's treatment ol vlvlan- 
ile precipitation in Lake Greifensee sediments. The 
contributions of stable- and radioactive-isotopic measure- 
ments are underrepresented. 

This Is a sprightly tour through the library and computer 
room of a country manor where the air is filled with the mu- 
sic of Ravel and with Jests about sedimentologlsts and 
whales. Take the lour by all means, and come back again 
after the new wings are built. 


Donald L. Graf is a member of the Department of Geolo- 
gy of the University of Illinois at Urbana-Champafgn. 


Light Scattering by Irregularly Shaped 
Particles 

D. W. Schuerman (Ed.). Plenum. New York, x + 334 pp.. 
1980, $39.50. 


Reviewed by E. Raschke 


tow rnnj I 801180 ttfjproacn useu uy oerner emu mo io>- 
wilh r«o 8 makers ls ,irst t0 d0,lne theoretical relationships 
Plau«iih[« ona ^ 10 bul not ultimate precision, then to seek 
tor nrntl? Wa ^ s °* s| rapllfylng these expressions for partlcu- 
aimnS 1718, nexl 10 accumulate a number of tests of the . 
faen t n T 0Xpr068lona against particular sets of data, and 
ih a i "Jto'tune back and forth until models are obtained , 
llculer a* 10 ? 8, are uni quely successful In describing a par- 

fS^em'M'envronment. ■ : 

sunvjtirsno 7, ! a vedt able encyclopedia of simplifying as- 
um carhnl i 5 re c| t 0d ,n developing one model for oalci- , 
which r ni Ilf 9 diat ributlon on the floor of the deep ocean), . ; 
Workers p iptolerri8 In' comparing testfs frbm different 
lion, T»J iiliJj 9 ht !y different notions of optimum slmpllflca-' 
little uhftaSi ^ wlth wb fah physical units aro redeflrfad lq a , ' 
tompBrj u,uu? 9 ' u'9-* toecau8eblbuirbatlon:ls sometimes: ,; i 
3n ag . 5] to the diffusion term in rnpdejing. tt emerges (p- '. 
ty (n 3 t , a ’?J or y of diffusion!. Dtaperslbn Is anOfaer catego- , 
trtHrt*. wnloh should IntBrfliV h vHmiiviiRta.: who have' ' . -.-.I 


This book contains the text of two Introductory papers 
and extended abstracts of 35 contributed papers which 
were presented during the International Workshop on Ughl 
Scattering by Irregularly Shaped Particles (June 5-7,1 979, 
State University of New York at Albany, New York). The 
Durpose of this workshop was to review the s ate of under- 
standing and the modeling of the scattering of electromag- 
netic radiation by Irregularly shaped particles and to com- 
pare it with the first-order solutions which usually are based 

° n i?to field of appScaflonls ' exlremely wide. It reaches from 
Interpretations of stellar atmospheres. Interplanetary dusts, 
andatmospherio aerosols to the observation of plankton 
arid other suspended materials In the Oceans with remote 

“^epa^Khls workshop did not covsr all eutjsclsjn 
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f&jS 232 Sw 5 rf scattering of light, by Irregularly . 

thus, the. particle shape must.be knbwn ;;i 
' anHprdmote Mhalffl tec ihiquee should use all means .to ex-. 
.'SSSS content ^h^.toythetac^jered fight. . 

been QatherOdlnlo 8 eub- • 
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1 . User needs: In four papers are discussed the remote 
sensing of Ice clouds, lidar visibility measurements, and 
several applications. Here, no contribution has been made 
from oceanography and astronomy. 

2. Particle descriptions: Five papers describe exhaus- 
tively the shape of raindrops and ice crystals, and of aero- 
sols Irom various regions. Here, again, the subject should 
have been extended to the other fields ol applications, 
oceanography, and astronomy. 

3. Theoretical methods: Fourteen papers discuss vari- 
ous ways to compute the scattering by particles of various 
shapes. All contributions cover the subject In great depth, 
allowing the reader to gain an overview. 

4. Experimental methods: Ten papers were presented 
during this session. In several of them, microwave analog 
experiments are described, where the extinction of single 
'analog' particles is directly measured. The methodology of 
In situ measurements (l.e., measurements of the extinction 
properties of a Volume of air*) has not changed, but the 
technology has Improved considerably. Almost all authors 
recommended without detailed discussion that measure- 
ments be made of as many components of the scattering 
matrix as possible. This chapter atone deals with the scat- 
tering by biological particles. 

5. inversion and information content: Only two papers 
ware devoted to this subject, since even far simpler prob- 
lems of scattering by pure spherical particles It is yet rela- 
tively unexplored. In one paper the size of Ihe scatterer is 
inferred from polarization measuremenls, an attractive tool 
which Is selffam used. In the other paper a comparison Is 
made between Irregularly shaped and spherical particles, 
using laser and direct solar radiation measurements. The 
conclusion Is that nonspherical particles In the atmosphere 
may be considered as equivalent spheres without serious 
efror. 

Although many abstracts are rather short and contain 
only limited Information, this book can be considered as an 
exlremely helpful tool for all those research groups and In- 
dividuals who are engaged in remote sensing of particle 
properties and quantities, either when the particles are im- 
bedded In another medium (gases or water) or entirely free 
in deep spaqe. I recommend open publications of such pro- 
ceedings, because it allows the worldwide community to 
participate In discussions of extreme Impedance to thei? re- 
search. Expected future restrictions on travel funds wifi 


even force such means of scientific communications, A pa- 


perback version would seem adequate and leas expensive 
than this book... ■ 


The. organizers oi this meeting should be encouraged io 
attempt another one. tfat It should include a much ftlder 
field of scientific research arid blroader Internationa) p&rtkri- ; : 
patton than they cpuld assemble' et this Workshop, .. V 


RaschkeIJswIth the Institute for GeophySIH and Me- ' 
tejordtog. University of Cofogne. Kdfn. Wfist German 
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“An extraordinary publishing event. ” * 

Quantitative Seismology 

Theory and Methods 

Volumes l and II 

Kdlii Aki 

Massachusetts Institute <>j Technology 

Piiul t>. Kiclv.trtls 

Columbia University 




"Tills truly exquisite text/monograph provides advanced students 
and professionals with a wonderfully detailed and comprehensive but 
lucid account of physical, mathematical and instrumentation'll principles 
which lie at the quantitative heart of modern seismology. . . . Hard to 
imagine any respect In which the book could be improved upon, 
whether in the writing or the production." 

—Sci Tech Book News * 
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I tab II ict iich is hi I >y n Jink btaildiy 
HcpriM'iiutUii) of Seismic Simries 
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Helkviimi .mil kitr.iiltiin nf Splierk-.il Waves; 
l amb's PnihEem 
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MlsIi inn 
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Frn|K'ilies 

I’rinelpks i ij Seism, unary 


Appendix I. Glossary of Waves 
Appciutik J: IXTmlrion nf Mjytniiiiiles 
lUbllo^rapliy/hitli'.x 
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week?/ on Tuesday. Ads must be received in 
wnt ng or, Monday 1 week prior to Ihe dale oF the 
issue required 

Repies to ads with box numbers should be 

addressed to: Box American Geophysical 

Union. 2000 Florida Avenue. N W„ Washington. 
D.C 20009 


POSITIONS WANTED 
Rales per line 

T-5 toes -$1.00, 6*11 limes- $0.75. 
12-28 lanes -S0.55 


POSITIONS AVAILABLE 
Rales per (me 

1-5 Limes-$2 00. 6-1 1 t!mes-$ 1 . 60 . 
12-26 times -$1.40 


SERVICES. SUPPLIES. COURSES. 
AND ANNOUNCEMENTS 
Rales per Ime 

1-5 limes - $2 50, 6-tl Iimes~$t.g5, 
12-28 times- SI .75 


STUDENT OPPORTUNITIES 

For apodal rates, query Robin Lillie. 

800*424-2483 


POSITIONS AVAILABLE 


Be March Selxnotogts Mlelld Isrlh Qeephy 
*Jea. ENSCO, Inc. to SpnngtWd. Virginia is seek- 
mg a Program MeriagirrRatMrch 8*«iiok>gw to 
suppM an eiparxfcng program in MW Mrth geo- 
ptayilce. Research areea wUi inckxte s*«wk: net- 
work data processing associated with die detection, 
identification and location of natural and man-made 
aefstnc sources: earthquake characterization and 
source mechanism studies; ex pl o si on source char- 
acta rural on; and empirical atirfea using near held 
and Far Field aetomic data Experience m fteorabcal 
and observational seismology at regional and tafe- 
senmic distances, la highly desirable. Experience 
m digital time Mitts analysis ia desirable. Pa D. in 
•awnologyish>ahEydasi>Bbfe. however. M S. level 
with experience in earthquake and expioekm a*te- 
moiogy wd be conafthrad Salary and bortettts ai* 
extramety compaUtivt- Resumes along with salary . 
require marts should be submbled to Ilia peraonper 
Department at the address beta*. Attention Coda 
SA3, ENSCO. foe,. 5406-A Pod Roysj Road,. 
Sprif^SettVA 22181. 

Equal employment oppOftunky/AAP. ;. 


Volume II 
CONTENTS 
Hrcftce/liu miliiet Inn 


Anjly.sK of St Ism ologlcal Data 
Inverse Pmhtoim in Seismology 
Seismic Vftves In Tlirce-dlmcnskmally 
Inhomogeneous Media 
The Seismic .Source: Kinematics 
T he Seismic Source: Uynamfcs 

Hllillograpliy/liKlex 


WHO, pages. IKi Illustrations 
hardhountl: 1059 1.17.95 


Sedlmentologlst or Sedlmantary Petralo. 
gist University el California, Santa Barba- 
ra. Applications ere invited For a tenure track ap- 
pointment In soft rock geology to be tilled in 1981- 
82. Rank dependent on qualifications and experi- 
ence but preference will be given to Bib assistant 
professor level. Applicant should normally have a 
Ph D. and strong field-orientation and quantitative 
background. The candidate will be expected to de- 
velop a strong research program fn clastic sedi- 
mentation as related to basin analyses. The candi- 
date wHI also be expected to teach at both under- 
graduate and graduate levels and Interact with 
students and faculty of the department, particularly 
In the general areas of clastic diagenesis, volcanic 
processes. paleomagnaUcs, as watt as (laid geolo- 
gy. Additional duties may Include leaching physical 
geology and summer field geology. 

Please send resume, other documentation of 
abides, ond four letters of recommendation by Au- 
SNSt 31. 1981 to Dr. Arthur G. Sylvester, Chairman, 
Department of Geological Sciences, University ol 
Cakfornfa. Santa Barbara. CA 93106. Telephone 
(605) 961-3156. 

The University of California le an affirmative ac- 
tion'equal opportunity employer. 


Postdoc toral Rasearch Associate P oa |. 

iiu!u , w!lti Jo, 7 , \. Hopkl,1i University, *p. 
piled Physics Laboratory, Positions am hvaii. 

a ma fl TO ^ f ^C’tonosphettccou- 
P'mg. hydromagneliC waves, end plasma 
instabtities in the ionosphere and magnekMoham 
The selected candidates will participate in itetui- 
ytn antf interpretation o( data Irom spacecrali and 
gfoonjbaaod radars as well as to the deveknineni 
wd Implementation ol new giaund-tjf»edw3^ 
JJacecraft studies. Positions are tor one year and 

Tonure m »y begin at any time 
JJ^Septe^r 1 . 1981 - Appllcaiionsshoukfbe 
addressed to Mr Steven F. Sayre, Dept. ADI-16 
TheJohite Hopteitt University. Apjjtod Physics ’ 
^oratory. Johns Hopkins Road, Laurel, MO 

An equal opportunity employer, 011 . 


PhyratM! Oonnographor. The Pacific 0C8 


OlHce, Bureau ol Lend Management, is seeking 


superviM oonlrected marine environmental re- 
saw*). The primary areas of ibfe&rtiti wN be phya- 
teal oceanography and metewo k>gy. Duties indude 
•erring ati ri contradinri |VIW, I 


: . 7 .^ ' V”* uuun iriCajQ' 

•erring atijl contacting offloerTi authorized tepre- 

“M^'PfwAntl worit elate- 
nWu ana BdvnM mitnaftAAMAi Kk . A u. j. li 


“way-Ptew ttod work state- 
nKWprs vfithtn 
ofm^wtlM.Grede levolGQ 
JvBW a cunrefti<SFi 


taitri 2 , Mioiyste.sek^e, 
.171 byJMhb 8. 188110 
itMurfUlndMen 
,200, Lk^#s; 

c#0 213-06871?$, 


Special 15% discount for readers of EOS 

Quantitative Seismology 

Theory and Methods 


Volumes I and II 


Please send me the following copies of Quantitative Seismology ai 
832.25 for each volume with this coupon, a savings of 15.70 per copy. 


.copies, Volume I 


copies. Volume II 


Guarantee! Examine Quantitative Seismology for fourteen days. 

If for any reason you are not satisfied, you may return It for a full and 
prompt refund. 


Address 


Clty/Statc 


□ I enclose payment with order. (California residents adcl appropriate sales la.) 


Charge my □ VISA/BankAmerlcard 


□ Master Charge. 


Accounr Number 


Expiration Date 


Signature 


(All credit card orden mini be signed.) 


mm W. H. Freeman and Company 

■■ 66fJ Market Street, San Francisco, CA 9410-i 


Mineralogy and Petrology. Applications are 
invited for a faculty position at Weeber Slate Col- 
lege. effective September 1681. This is a perma- 
nent faculty position with rank, salary, and tenure 
track status determined by qualifications. Responsi- 
bilities Include teaching undergraduate courses In 
mineralogy, petrology, and geochemistry and some 
combination ol mineral deposits, aloictural geology 
end Introductory geology. Ph.D. preferred. WSC te 
a large ( 10,000 6tudent6) undergraduate college 
with a strong geology program graduating about 
10-15 majors per year. The college is situated In 
northern Utah at Ihe boundary between the Rocky 
Mountain and Great Basin Provinces and adjacent 
to the Overthrust Bell The Department is well 
equipped for Fletd-ortented teaching and research. 
The dosing date tor applications is July 1 , 188t. 
Applications, Including evidence of teaching profi- 
ctency and the names of three references should 
be sent to S. R. Ash, Chairman, Department o( 
Geotagy /Geography, Weeber State CoKege, 3750 
Harrison Blvd., Ogden, Utah 84408. 

^An equal opportunlty/affiimalfve action employer', 


RECRUIT 

ANNOUNCE 

ADVERTISE 


Recruit talented personnel In the geo- 
physical sciences . 


Announce special meetings, workshops, 
short courses, and calls for papers. 


Advertise services, supplies, and Instru- 
ments. 


A classified ad In EOS, the weekly news- 
paper for the geophysicist, will get re- 
sults. 


Researoh Seismologist. The Alexandria Lab- 
Qaotech Invites applications 
S^ h . D ,' levfll Mfernotoglaie (0 work on problems 
related to the comprehensive end threshold test 
bantreaty negotiations. Applicants should have 
background In such topics as theoretical seismolo- 
gy, seismic date analysis, seismic data gathering, 
KhariMd scientific computing, and computer syra- 

Mnd Jf0Ur re8ume 10 j8an 
wkPesonnel Department, Teledyne Geoteoh, 314 
Mwflgomery Street, Alexandria, Virginia 22314. 

An equal opportunity employer. 


Low advertising rates, easy-to-meet copy 
deadlines, and a broad readership make 
EOS the medium for the message. 


Place your ad today. 

Call toll free: 

800-424-2486 « 


Research Position In Chemical 
phy. Catifomla Institute of TechnolWv^SMi^^ 
Dl.MMlani CHani'jm. Trie POBIIW&ftE^H 


VUHIng Lecturer In Oeephyaloe. nimtenu 
^ tteophyeloe and esslel with 

wISi2 q o ake , lal,0,ator V (tncludea 

VWSSN Station}. Require Ph.D; or nearly comnfet- 


aances in sea water ana segimonw 
aarriecLtorward. The mechanism of. 

. Into. aea .wafer will pe Bludled. The, 



^protowwr. 19te-83abMemii 






^ : - m 
WMM 






■ii'h’i' 
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UNOLS Executive Secretory 

The University-Notional Oceanographic Laboratory System (UNOLS) Is 
soliciting applications foran Executive Secretary. UNOLS Is an organization of 
academic Institutions for the coordination ond planning of oceanographic 
facilities, chiefly research vessels. The Execurlve Secretaiy administers the 
functions of UNOL5 ond heads the UNOLS Office which Is located of ond 
hosted by 0 Member laboratory. New office location Is now pending. 
Institutions which hove signified an Intention ro propose hosting the office 
are: 

University of Delaware 

The Johns Hopkins University, Chesapeake Boy Institute 
Lomont-Doheity Geological Obsetvotoiy of Columbia University 
University of Southern Californio. Institute forMorlne ond Coastal Studies 
University of Washington 
Woods Hole Oceanographic Institution 

[r Is anticipated that proposing Institutions will negotiate with one or more 
applicants to become a port of their proposal, ond selection will be based. In 
part, on the qualifications of the successful applicant who will become on 
employee of the host Institution. Required qualifications Include experience 
In oceanographic research and knowledge of research ship operations. 
Salary Is negotiable depending on professional qualifications. Deadline for 
applications is July 31, 1961. 

For further information, contact: 

UNOLS Office 
Box 54P 

Woods Hole Oceanographic Institution A \ 

Woods Hole, MA 02543 ? 1A L 1 

(61 7) 548-1400. Ext. 2352 / 

- An equal opportunity employer M/f/H ■■ mo J 


, An equal opportunity employer M/f/H « 


position can be obtained directly from Dr. S. R. 
Taylor. 

Applicants should submit a detailed curriculum vi- 
tae, a publications list and the names and address- 
es of three referees. 

Appointment as research fellow will be up to 
three years in the first instance wllh the possibility 
ol extension to live years. Salary rongo: SA19132 
(0 SA24972 per annum (SA1 * 5US1.14). Superan- 
nuation. housing assistance, reasonable appoint- 
ment costs. 

The University reserves Ihe right not to make an 
appointment or to make an appointment by invita- 
tion at any lime. 

Applications should be sent to The Registrar. 

The Australian National University, PO Box 4. 
CANBERRA, ACT 2800, AUSTRALIA by 3 AU- 
GUST 1681. 


Blogeoohemlal or Organlo Qeoohemlst. 

Research assistant professor with interest in organic 
metier cycling In coastal sediment systems, as part 
of Interdisciplinary group. Academic year appoint- 
ment wllh opportunity lor renewal Resume, nitmea 
of three references, and letter of research Interests 
by July 1 to L. Mayer. Ira C- Darting Center, Univer- 
sity of Maine el Orono, Walpole, Maine 04573. 

Equal opportunlty/afflrmative action employer. 


Crustal Seismology! Prlnooton Univer- 
sity, Candidates with an interest In any of the fol- 
lowing are invited to apply for research staff ap- 
pointments: 

1. Marino seismic data analysis and struc- 
ture of ocean9 and ocean margins. 

2. Narrow and wide angle reflection seismol- 
ogy applied to continental crustal geofogy. 

3. Wave propagation theory and techniques 
ol seismic data analysis. 

Princeton University has an ongoing program for 
ihe creative reanalyais ol existing multichannel re- 
flection data— such as COCORP and USGS off- 
shore data. Special projects are undertaken from 
lime to time to collect Mold date In critical areas or 
to lost new methods of date coifeciion and analysis. 
A high performance 32 bit minicomputer system for 
data analysts and theoretical work is to be Installed 
later (his year. 

Applicants should sand curriculum vilae and a tfst 
ol tivefl references to: 

Robert A. Ptilnney 

Department ol Geological and Geophysical 

Sciences 

Princeton University 

Princeton, NJ 08544 
Or Inquire: 609-452-4118. 

Data of appointment and salary are negotiable. 

Princeton University la an equal opportunity em- 
ployer. 


Consejo Nacional de Investigaclones 
CSentificas y T6cnicas 


CHIEF OCEANOGRAPHER 


M 


Physloal Oceanogrepheri Memorial Uni- 
vsralty of Newfoundland. Memorial Universi- 
ty of Newfoundland In St- John's seeks to fill two 
faculty positions In physical oceanography. One po- 
sillon la In ocean dynamics and the other is In theo- 
retical oceanography. Interest and experience In 
carrying out field programs Is desirable. Candidates 
for both positions should hold a Ph.D. In physical 
oceanography, or a closely related field (e.g. fluid 
mechanics). 

The program In physical oceanography at Memo- 
rial University Is new and oflere the successful ap- 
plicant an opportunity to participate In (he develop- 
ment ol this Held In a frontier area. Memorial Uni- 
versity (s located In St. John's. Newfoundland, 
which is rapidly becoming a centre of ocean studies 
related to fisheries and offshore hydrocaibon devel- 
opment In Eastern Canada. 

Salary wJI be commensurate with experience 
end qualifications. 

Applications. Including curriculum vitae and ihe 
wnea ol three referees, are to be submitted to: 

Df. C.W. Cho 
Head 

Department of Phy9lcs 
Memorial University of Newfoundland 
SL John's, Newfoundland 
MB 3X7 

Faculty Peslilon/Unlverelly of Alaeka, Fair- 
banks, Applications are Invited for a tenure track 
acuity position In economic geology in Ihe Geoto- 
fl^Gwphystea Program to leach undergraduate 
™9reduala courses In ore deposlta, mineralogy. 
am exploration geology. 

Applications should have demonstrated practical 
“Wlence In'mlneral exploration, regional and de- 
geotofllo mapping as well aa a commitment to 
™tearch In Ihe geneala ol ore deposlta. The oandl- 
w1 ^ >9 ejected to pursue a vigorous gradu- 
*ff4cnlng and research program In economic 
9®“ogy with students primarily oriented toward ce- 
'wrejn Ihe mineral Industry. 

J™* ra1c ® wl11 1,8 fl lven 10 Individuals wllh expe- 
» fl . rc<!o or auba rctlc minerals research and 
C * 0M Potaboretlon with the mineral In- 
."V^Academlc rank and salary commensurate 
Myertence. Ph.D. required. 

and toree letters of reference Dl- 
"^o^Dhrtatan of Geosciences, University of Alas- 
Alaeka 99701. Applications will be 
until June 30. 1981, or until tilled. 

HrtrT««r ver8ity °* Alaska is an equal opportunity/ 
arerniaitve action employer. 


Sedimentologlet-Sedlmentary Petrogra- 
phar/Ohlo State University. The department 
of Geology and Mineralogy Invites applications (or 
a tenure track faculty position In sedlmeniology- 
sedlmentary petrography. The appointment Is avail- 
able from August 1981. 

Salary and rank competitive and commensurate 
with experience 

Applicants should send resumes and names ol ai 
least three referees or addresB inquiries tor furlher 
information to Peter-N. Webb, Dept, ol Geology 
and Mineralogy. The Ohio State UniversMy. 125 
South Oval Mall. Columbus. Ohio 43210. Closing 
date Is July 1, 1981. 

The Ohio State University Is an equal opportuni- 
ty/affirmative action employer 


Seismology. Research associate position antic- 
ipated (September 1. 1981). tetemelry monitoring 
prelect In Virginia. Problems fOCu9 on seismicity 
and neotectonics in the state. Prefer M S geophys- 
icist with thesis In observational seismology, bul 
others considered. Applications, transcripts and iwo 
letters ol recommendation to: Dr. G. A Bollinger. 
8elamologlcal Observatory, VPI&3U, Blacksburg, 
Virginia 24081 . Deadline lor receipt ol applications 
Is August 1, 1981- 

VPI&SU is an equal opportunlty/afflrmative action 
emptoyer. 

Researoh Fellow/Sedlmentery aeoohemla- 
try. The Australian National University invites ap- 
plications tor appointment as research fellow In 
sedimentary geochemistry, Research School ol 
Earth Sciences. The School has a well equipped 
trace element laboratory. Including an MS7 Spark 
Source Mass Spectrometer, with access to electron 
microprobe and XRD faculties- 

The successful applicant should hold a Ph.D. de- 
gree and have a good background In geology, geo- 
chemistry, analytical chemistry, sedimenlology and 
Pre Cambrian geology and should have experience 
in the use of ihe above analytical techniques. 

He or she will be expected to participate in joint 
research projects dealing with Ihe use of treceele- . 
menf geochemistry In elucidating tee composition 
end evolution of Ihe Earth's crust through sluoms ot 
sedimentary rock sequencers. . 

In addition, applicants are Invited to submit re- 
search proposals detailing the general research di- 
rections and specific projects which they 
wish to pursue. Further Information concerning toe 


AGU 


Member Sponsors 

MfPrUk 5? ndr0d aixty-abc members were elected between 
sitonl 31 ^ A P ril 30. 1981. The AGU members who ' 
IlshTrli ? 18m are Hsted below. Earlier lists were pub- 

ll3 !^ March 24 and April 28 . ' 

u '" r *® Member*! Robert B. Smith. Two Member*! : 

can r*u B u ^ owl ns W, David S. Chapman. Robert. A. ; Dun- 

'sacks, Charles M. Keefer, LaVerne D; Kulm, 
Rovnr ^!' J M £ Gla,n - Arrest Mozer, W. J. Raltt, Thomas C, . 

On r : a u d Dona,d U. WIse., . ■ . .. ■'••• 

L. Anrio« 1 mb6r * Thomas J. Ahrensi Walter Alvarez. PP n ; 
Morin aSP"' Jame8 G. Anderson, Kinsey A. Anderpon, ' 
Backup ^S ou J r ‘A bda|| a,Steven : Bachman, George E, :■ 
^Inbtofnn, Baker ' SteVen .G. Bergman, pale Bibee, • - ■ ■ 
QunSaM om ^ n ' Ross*A. Black, DLL; Blaokstgne, Jr,, 

" Bojt) ■' ‘ 

08 A": •• 

Brown^ H, ^.C.Bmhili^bdah& Bui^^ ij 
mldhaei, f^lngteh ;ChM. Charfes 
p :Johh: WJ 

r]0R! .Q ri mi’ • d i aWav-j' 1 rt • rii iri. : Ifsi n rl a th M. 


A postdoctoral scientist with several years experience in physical 
oceanography Is required at IADO (Instiluto Argentine de Oceano- 
gra(ia), a joint Institution of the Consejo Nacional de Investiga- 
ciones Cientllicas Y T6cnlcas (National Research Council), Ihe Un- 
iversidad del Sur, Bahia Blanca, and the Armada Argentina (Ar- 
gentine Navy). 


The applicant. In addition to research and postgraduate teaching in 
his own field, will also be responsible for the planning, coordina- 
tion, and supervision of activities in other branches of oceanogra- 
phy at large. 


The position is under the auspices of a joint progtam of the Con- 
sejo Nacional de Investigaclones Cientllicas y Tecnicas (CONl- 
CET) and the Interamerican Development Bank (IDB). It will be ini- 
tially of medium duration, and is renewable. 


It will be located at Bahia Blanca. Salary and fringe benefits ac- 
cording to qualification. Knowledge of Spanish language will be 
considered an advantage. For consultations or submitting applica- 
tions, contact: 


SeAor Presidents del 

Coneejo Nacional de Investigaclones 

Clentlficas y Tecnicas 

Avda. Rlvadavla 1917 

(1033J Buenos Aires, Argentina. 


Applications should include complete academic and professional 
background along with a list of publications as welt as names and 
addresses of three references. 


Paul S. DeCarll, Robert E. Dennis, Steven R. DIcKman, 

F A. Donath, H, James Dorman. LerayM. Dorman, 

Charles L. Drake, Rlohard E. DuBroff, Fred Duenrtebler. 

Dieter H. Ehhait, David S. Evans. HaroP. svgstar. Leon- 
ard s' Fedor, Michael Fehl 9 r f^rt W FerguMn. Henry ■ 

n "W^erlda, 1 ' Jphri G- Hea&x# -Hugh C Heard, . 

Anthony lr- : 
G : johpson. TfiH; Jordan, ; 

ff a ; 'km kiWi'Ghdrfes D, Keeling, ,- 


rnmssmM 


gjBjomf. 




way B. Leovy, Joel S. Levine; J. G. Ltou. Austin Long, Dan- 
iel P. Loucka, Allen Lowrie. William J. Ludwig, Alan M. 

Lumb, Timothy M. Lutz. 

William D. MacDonald, R. Mi MacQueeh, Thomas Mad- 
dock, James Maglll, David C. Major, Stephen D. Malone, 

Murll H> Manghnanl. Robert Mark, Bruce D. Marsh, David 
L. Martin. Russell McDuN, Michael S McElroy. LD. 

McGinnis, Stuart MqKUgh, Randolph . Moberly, Walter 
Mooney, C. B. Moore, Dennis Wilson Moore, H; J. Moral- . . 
Seytoux, Helmut Moritz, L- J. .Patrick Myfller, Patrtqla E. 
Murtha, Frederick Nagle, Manuel Nathenson, RMIard 8. 
Naylor, David L. Nebert, Anthony Nekut, F. M. Neubaiief, 
Shlomo P. Neuman, R.W. Njcholls, Henry Joseph 
Nsibauer, Richard W. Nightingale, Hal|an C\ Noltlmler, -. 
Amos Nur, 

’■ W. P. Olson, Richard H. .Orville,- Benjamin M. Page, Don- 
ald F. Palmer, Chung Park, Robert Li Parker, David F. Pas> • 
kausky, Bryan Pearce, Henry; Perkin*. K. A,. PfUzer, Jcrfin A. 
Phllpotts; Morris B; Pongratz, Rayrnpnd A. Price 1 , lyar B, ■ 
Rambergi Joseph B., Reagan, Charles. R r ReflL David U : •' 
Reasorier, Irwin Piemsori, Eugdnd D, Richard, Johri D: 
Richardson, Randall M. Rlchaid^on, ;Robert E. Rlej^sr, ; . 

- peter A.Rigottl, Peter Rogers. William M. Roggehjhqn, VW> .; 
■ k .J .. V* ; . : .» v : r 


1 s 
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Ham B. Rossow, Peter H. Roth. Jacob Rubin, David Rusch, 
Sfdney L. Russak. 

Rafael Sanchez, Kim David Saunders, Samuel M. Savin, 
David W. Saxlon. Marc L. Sbar. Kennelh F. Schsldegger, 
John William Schlue. Ulrich Schmidt, Robert W. Schunk. 
David Seidemann. Stephen Self, Margaret Ann Shea. Gor- 
don G. Shepherd, Peter N. Shlve, Loren Shure, John M, 
Sinlon, George L. Sfscoe, Charles W. Slaughter, David B. 
Slemmons. Don F. Smart. Douglas L. Smith, Eugene I. 
Smith, Scott B. Smithson, Charles P. Sonett. Frank Spara, 
R. R. Sleeves, Daniel B. Stephens, J. Carl Stepp, Robert 
G. Stone, William D. Stuart, Desiree E. Stuart-Alexander, 


Meetings 




Applied Glaciology Symposium 

The International Glaciology Society has slated (Is sec- 
ond meeting on the applied aspects of snow and Ice re- 
search for Augusl 23-27, 1982, at the Cold Regions Re- 
search and Engineering Laboratory In Hanover, New 
Hampshire This Second Symposium on Applied Glaciology 
will Inc ktde technical sessions on the engineering problems 
or floating Ice; engineering problems of ground Ice; Ice- 
bergs and glaciers; properties and behavior of snow and 
Ice, snow removal and control; avalanche control and snow 
gteciotogy C9 accrat * on: and mod ® H ng techniques In applied 

i ,nforma,ion - contact the Secretary General. 
In ernaHonal Gtac lologlca! Society, Lensfield Road, Cam- 
bridge CB2 1ER, United Kingdom. <o; 

Coastal Engineering Conference 

The 18th International Conference on Coastal Engineer- 
fog. wi j bo held November 14-19, 1982, In Cape Town 
Republic of South Africa. M 

Topics to be covered at the conference Include wind cur- 
rent and wave action: tides and long waves; sedimentary 
processes and coastal morphology; estuary and Inlet be- 
havior; coastal structures and recreational facilities; ship 
motions and harbor entrance design; ocean outfall deslqn 
and construe l ion; and environmental aspects of coastal en- 
gineering. 

Five copies of a synopsis (not to exceed two paqes) of 
papers proposed tor the conference should be sent to Billv 

Dfln!rtln? Cf ?rM £ oa , slal Engineering Research Council. 
Department of Civil Englneenng, Clemson University, 
Cfemson, SC 29631. Deadline is October 31, 1981. $ 

Underwater Mining Institute 

fvI«hJr U ,“ Gr M,nln 9 institute is scheduled for 
October 20-22 In Madison, Wisconsin. The program will in- 

Hs 'taSr ^«Htn nS r 0n mln ®ralogy of marin ® sulfide depos- 
Hs, tectonic setting lor spreading center sulfide daposlls* 

newdHVHinnm S 1" th0 Qala P®0Os and other PaciKreas; 

f”? ,n solJ,h0asI offshore Lin opera- 
le ? h " lqU8S ,or ""ding underwater copper 
MCh6 I n Cal techniques f or marine minerals ex- 
cha . n 9®s In the international mining trade of rele- 
vance to manne mining; and the impact of sea grant miner- 

indU ?TJ he P r °9 ram will also foclude 
tours to local research laboratories. 

For registration Information, contact Gregory Hadden 

Ad Jsj(y Services, University of Wlsconson ’ 

eosle^oSl) 7 1 Madison ' w ‘ 53706 iPhone: 

M^?r r « t ^ hn - Ca 'i )r ? 9ram ^formation, contact J. Robert 
Moore Manne Science Institute, University of Texas P n 

f&SSSST s,a!ion ' AusUa TX 

AGU Midwest Meeting 

September 17-18 
Minneapolis, Minnesota 

Abstract Deadine: July 1 
Convenor: V. Rama Murthy 

Papers and posters originating In or pertaining to 
foe reg,on are solicited lor tho following special ses- 
sions: 

Conlac ' Qoo,lra y 

Rock water Interactions : Hydrothermal Braces* 

an pieclmM , ?" ss/a , Con,acl Wil,iam Seyfrfed? 
Pfecambnan crustal evolution ot the Nnrih Am ar ) 

conllnem. Contact RMVMbta 

blr £to^a ,iSm eKl paimma 9 nellsm Contact Su- 

t-lydrvjogy in the mid-continental U.S. Contact 
H. 0. Plannkuch or E. C. Alexander. Jr! 

Abstracts 
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Peter Styles, Steven T. Suess, Kendall L. Svendsen. 

Pradeep Talwanl, Michael A. Temerln, Ta-liang Teng, 

H. R. Thlereteln, Ronald J. Thomas, T. R. Toppozada, Don- 
ald L. Turcotte, Petr Vanicek, Kenneth L. Verosub, Thomas 

A. Vogel, Efstratfos G. Vomvoris, Carl A. Von Hake, William 

B. Wadsworth, Harve S. Waff, Mary Emma Wagner, Clyde 
Wahrhaftlg, Raymond J. Walker, C. Wang, Steve Wegener, 
Ray F. Weiss, J. E. White, John M. Wilcox, James G. Wil- 
liams, John Wilson, W. P. Winn, I. J. Won, David D. Wool- 
dridge, Francis T. Wu, Shi Tsan Wu, Klaus Wyrtkl, Gour- 
Tsyh Yeh, Hsueh-Wen C. Yah. 


Aquifer Protection Policies 

A spedal program entitled 'Effects of New Aquifer Pro- 
tectfon Regulations and Policies on Ground Water Manage- 
ment' will be held at the American Society of Civil Engi- 
neers' Spring Convention and Exhibit during the week of 
April 19, 1982, In Las Vegas, Nevada. The program is 
sponsored by the Hydraulic Division’s Committee on 
Ground Water Hydrology and by the Environmental Engi- 
neering Division’s Committee on Hazardous Waste Man- 
agement. 

A call for papers has been issued for the following topics: 
review of regulatory activity, future protection regulations, 
and policies; groundwater quality monitoring; design of well 
networks; groundwater studies stemming from regulations. 
Including remedial measures; and ongoing and needed re- 
search. Research topics should address pollution sources 
transport and fate of pollutants, methods of detection, and 
aquifer rehabilitation. 

Geophysicists interested In presenting a paper should 

?** OI I e ' p « 98 flbs,racf t0 R ichard J. Schlcht, Illinois 
State Water Survey, 605 East Springfield Avenue, P.0 

of™™?: Sla,,on Al Cham Paign, IL 61820 (telephone: 
217/333-2594). Deadline Is July 31. SS 


Workshop on Remote 
Measurement of 
Underwater Parameters 

. workshop was held at Bolkesjo, Norway, October 30 

to November f, 1980. it was arranged by the Royal Notwe- 
A /S i? SclBn,lflc an d industrial Research Space 

Snffl Ws 0r,; ln fJ! UtB of Ge °P^aical Research, Univer- 
o/n/a 0/ /?w? en ' Bnd 0ff,ce of Naval Rosearch, Arlington, Vlr- 

/ir aS ^H SOred by the Royal Norwegian Council for 
Scientific and industrial Research, the North Atlantic Treatv 
Organization, and the Office of Naval Research y 

c ™ clude from the meeting that the Idea that It 
may be possible to determine any subsurface variables of 
foe ocean by remote sensing Is attractive to Sola L? 
reahzabto now. In a severely limited wnwTdSmnL 

fon SnPA r.? er ? e "‘- **»* wavea are now used Sr track- 

now bema reported. Acoustic tomography measures a 
wat Sul 0 ' V ^' y and 

ssssSi % 

some promise *a3i m'J mon ? pul8e ma «iods offer 

filing on lakes and rivers and exton J° Ul ! n0 USe for ice pro ‘ 
prove useful and practical d Xl0nslon ,0 Bs!uariea may 

r? s,a "° n **■ 

(nation about the L^ wiih^K ^ 3 of obta,n,n 9 Infor- 
«me one mTmZC ^ 10 90 ,here eacb 

in foe 

dar. The grouhd wave rad^met^rt 0 nno Ph6f C acaHer ra ' 

Is CODAR. when used from 3,1 1 d ’ 0n8 exam Ple of which 
Held In the upper 1 *meter 0 n£ Q ' Can S0, ? se the current 
ofution of and o 10 a «*- 

were given ot synthetic aperture e f am P ,0s 

SEASAT-SAR data, the Droce3inn 3 (S ,i R) al 9 na,ure s In 
scribed In sufficient detalf loanable !* as not d ®- 

menl about the method, although^ ^ln TrinrlK 0 ^,^ 96 ' 
possible to Infer current aJcm Q o33 P 2l? P ^ ahould be 
shifted reflections. The SAR^ata afirfSl 0 " ram D °PP ,er - ■ 
latton between bathymetry andsea lurfnr W a s, f on 9 corre- 
al previous workshops where Ihesto bate haM 0088, ^ 
Senled, there was little, If any analvsio !, h3Ve !V pre ' - 
les Of the processes. The ^ctlveooS 3^35— dynam * 
jar Hghi Sources, take advantaodof^ foAhJii?? 8 ' palng ^ 

. the. Rayleigh scattering broads^ . f P[iow3ng effects: . 

J* rnea ^ l ure temperature : 
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Next cornea Raman backscatter for , 

" n jy. temperature, and other variables, and t^m? 8 * 
Brlllouln scattering to sense sound velocity Wh3l S 
Intense laser signal hits the water, it will also h 6a iJ5 
generate an acoustic signal. The reflection of the 
s 9 naJ hack to the surface (by density structures) vSffi 
generate a measurable surface signature Oneln ^ 
tor depth sounding from airplanes and, ultimate^ £ * 
even more remote platforms. The combination of SZL, 
ties, although few of them are now at a staoe readS^' 
tine practical use suggests that one should follow dSS 
ments closely. The methods, so far, seem to 
useful In the upper 50 m of the ocean but may sSma L 
be extended to several times that depth. This will H ? 
very Httle about the deeper water column. But the 
of obtaining synoptic data, even in the upper few Ef* 
seems Interesting. The technology needs to be wSSL 
and the oceanographic community need not yet holdite' 
coHectlve breath and sit around and wait, bui the new 
methods may be upon us In a few years. The active and 
passive remote sensing of water properties has, of course 
also been extended to sensing of biological propertied 
Here the workshop contained a very Interesting sel of ua- 
pars on algorithms and the Inverse problem and an exam- 
p e of application of color measurement to mud flat and tid- 
al flat properties. * 

.™ 9 f ; rat P a P 0r was by N. K. Hojerslev, who showed that 
d fferent regions of the ocean have sufficiently different 
plankton-related color that a universal algorithm for Inter- 
preting color In terms of biological measures will have seri- 
ous shortcomings. The next paper, by J. Fischer and H 
Grassl, who had examined the problem of remote sensinq 
of particulates, found that the problem of determining par 
tlculate matter variables from color observations was not 
well conditioned and that the matrix really had only two lin- 
early Independent characteristic vectors. The tentative con- 
clusion of this listener to these two papers was that before 
one can use color to determine biological variables, one 
needs to introduce some information about local biological 
properties as a constraint on the Inversion process. This 
means that one needs biologists to help with the Inlerpreia- 
tfon; one cannot find a way where the technology system 
and the computer can do it all by themselves. This should 
not be a source of wonder because biology Is a nontrivial 
branch of science and cannot be left to automation. One 
has to develop a certain judgement and expertise before 
one can produce useful results. 

The Coastal Zone Color Scanner provides useful Infor- 
mation lor biologists, but the information from the Intensity 
of color bands cannot be used blindly, it has to be Interpret- 
ed through the use of knowledge about local biology as a 
constraint on the Inversion process. An example of howto 
Incorporate local knowledge in an Inversion problem was 
given by Prober, Bahr, and Dennert-Muller, who Interpreted 
the LANDSAT Images from different channels. In terms of 
tidal flat classes, Including dry sand, wet mud, and others, 
by using 'training fields' and in situ establishment of field 
characteristics. The use of these training fields introduced 
foe local constraint on the Inversion process and made il 
possible to classify a large region from LANDSAT data al- 
ter field work In a limited area that covered the Important 
classes of flats. 

This Is apparently the direction In which one has to seek 
methods for interpreting upper ocean color. Also, no doubt, 
foe same method can be used with active sensors, where 
one senses the color quality of reflection of laser llghls Irom 
de P tbs « Including fluorescence effects. 

While some of the methods seemed kind of far from 
practical realization In the near future, there Is rapid tech- 
nology development under way. 

The workshop was Informative for the participants, and 
the sober assessments provided by the working groups 
showed that one cannot dismiss remote sensing tech- 
niques out of hand, that the technologists need to encoun- 
ter scientists to learn what one should look for, and It 
showed how one may adjoin specialist knowledge to re- 
mote sensing data. In that sense the workshop was educ* 
tlonal, realistic, and productive of sober evaluations of 
methods. An abstract volume will be available shortly from 
foe Royal Norwegian Council for Scientific and Induslriat 
Research, Space Activity Division, P.O. Box 309, Bllndem, 
Gaustadallen 30 D, Oslo, 3, Norway. 

This meeting report was prepared and submitted by 
Mollo-Chrisiensen of the Department of Meteorology boo 
P hysical Oceanography at MIT, Cambridge. 8 
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Geophysical Year 

(Boldface Indicates meetings sponsored or 
cosponsored by AGU.) 


May 27-28 Canadian Meteorological and 
Oceanographic Society 15th Annual Con- 
gress, Saskatoon, Saskatchewan, Canada. 

(B. E. Qoodl8on, Program Chairman, At- 
mospheric Environment Service, 4905 Duf- 
Isrln Street, Downavfew, Ontario M3H 5T4 
Canada.) 

June 1-4 Flrat JECSS Workshop Tokyo, 
Japan. Sponsor, Tsukuba University. (Ta- 
keshi Ichlye, Dept, of Oceanography, Tex- 
as ASM University, College Station. TX 
77843.) 

June 1-5 Second International Sym- 
posium on Inertial Technology for 
Surveying end Geodesy, Banff, Cana- 
da. Sponsors, AGU, Canadian Institute of 
Suiveylng, Unlv. of Calgary. (Kiaus-Peter 
Schwarz, ISS Symposium 1981, Division 
of Surveying Engineering, Unlv. of Calga- 
ry, Calgary, Alberta T2N 1N4 Canada.) 

June 3-4 Symposium on the Ecology and 
Management of Reservoirs, University La- 
val, Quebec, Canada. Sponsors, Unesco, 
Untverelld du Quebec, University Laval, 
Hydro-Quebec, Society d'Energle de ia 
Bale James. (P. G. C. Campbell, Univer- 
sity Quebec, INRS-Eau, C.P. 7500, Ste. 

Foy, Quebec G1 V 4C7 Canada.) 

June 4-5 Eastern Snow Conference, Syra- 
cuse, N.Y. (B. E. Goodlson, Program 
Chairman, Atmospheric Environment Ser- 
vice, 4905 Dufferln Street, Downsvlew, On- 
tario M3H 5T4 Canada.) 

June 7-1 1 Eighth Oeean Energy Con- 
fersnos for the Department of En- 
ergy, Washington, D.C. Sponsor, Marine 
Technology Society. (Harry Irwin, Marine 
Technology Society, 1730 M St.. N.W., 
Washington, DC 20036.) 

June 8-10 International Geoscience 
and Remote Sensing Symposium, 
Waahlnglon D.C. Sponsors, AGU, IEEE 
QaosclBnce and Remote Sensing Society. 

(F. T. Ulaby, Remote Sensing Laboratory, 
Unlv. of Kansas Center for Research, Inc., 
Ws9t Campus, Lawrence, KS 66045.) 

June 14—19 Second International Confer- 
ence on Urban Storm Drainage, Urbane, 

HI. Sponsors, Univ. of Illinois, International 
Liaison In Urban Storm Drainage, Interna- 
tional Association of Hydraulic Research, 
International Association of Water Pollution 
Research, American Society of Civil Engi- 
neers. (B. C. Yen, Department of Civil En- 
gineering, Unlv. of Illinois, Urbana, IL 
81801.) 

June 15-19 International IEEE/APS Sym- 
posium, National Radio Science Meeting, 
and International IEEE/MTT Symposium, 

Los Angeles, Calif. (Prof. N. G. Alexopou- 
tos, 7732 Boelter Hall, Department of Elec- 
trical Sciences, Unlv. of California, Loa An- 
geles, CA 90024.) 

June 22-26 International Symposium on 
Erosion and Sediment Transport Measure- 
ment, Florence, Italy. Sponsors, IAHS, ln- 
«matfonal Commission on Continental 
“OSttn, National Research Council of Ita- 
V- (P. Tacconl, Secretary of the Organiz- 
es Committee, Istlluo di Ingegneria Civile 
via 5. Maria, 3 50139 Firenze, Italy.) 

June 23-26 Seventh International Sympo- 
sium on the Machine Processing of Re- 
motely-Senaed Data, West Lafayette, Ind. 
sponsor, Laboratory for Applications of 
remote Sensing, Purdue Unlv. (D. B. Mor- 
ion Purdue Unlv ./LARS, 1220 Potter Dr., 
Waal .Lafayette, IN 47906.) 

St i 4 ; 28 fotematlonal Symposium on 
aai-TIms Operation of Hydrosyslems, 
vaterloo, Ontario, Canada. Sponsor, Wa- 
f? 2 B f? urces Group. Unlv. of Waterloo. 

'u or E. A. McBean, Unlv. of Wa- 
Apartment of CM! Engineering, 

Junl ? ft ri0 ? , l On,ario N2L 3Q 1 Canada.) 
slum 2 220(1 United States Sympo- 

^ 0ck Mechanics, Cambridge, 

To*?' , ponaor - Massachusetts Institute of 
Taw (Barbara Dullea, Coordinator, 
tar lor Advanced Engineering Study 
JunS 5 ?! MlT ‘ Cambridge, MA 02139.) 
Hatn^* U y3 Conference/Workshop on 
to Qus Calatysle— Its Importance 

SoX 8 ^ 10 Ch0 mlslry, Albany, N.Y. 
tSSZ. o S . F * NASA - < v - A - Mohnen, At- 
Ststa^ i ^ 50,00098 Research Center, 
*atUJntv. of New York, Albany, NY 

'cal 2^ 1 ! Seminar on Fluld-Dynami- 
Phvav? ?«m S n ^rophyelcs and Gao- 
ll1 - Sponsors, American 
al ar^^ ^ Society, Society for Industri- 
rano^,?'^ Mathematics/ (Meeting Ar- 
matlcai P i e P artmBnt i American Mathe- 

. 
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July 8-10 National Conference on Environ- 
mental Engineering, Atlanta, Ga. Sponsor 
Environmental Engineering Division of 
American Society of Civil Engineers. (F 
Michael Saunders, 19B1 National Confer- 
ence on Environmental Engineering, 

School of Civil Engineers, Georgia Institute 
ol Technology, Atlanta, GA 30332.) 

July 15-17 Summer Computer Simulation 
Conference, Washington. D.C. Sponsors. 
Instrument Society ol America, the Society 
for Computer Simulation. (William E. Bu- 
chanan, Applied Physics Laboratory, 

Johns Hopkins Road, Laurel, MD 20810.) 
July 21-23 Chapman Conference on 
Spatial Variability In Hydrologlo 
Modeling, Fort Collins, Colo. (Meetings, 
AGU, 2000 Florida Ave., N.W., Washlna- 
ton, DC 20009.) 

July 21^30 21st General Assembly of IA- 
SPEI, London, Ontario, Canada (A. E. 

Beck, Department of Geophysics, Unlv. of 
Western Ontario, London, Ontario NBA 
5B7 Canada.) 

July 27-30 Eighth International Sym- 
posium on Urban Hydrology, Hy- 
draulics, and Sediment Control, 

Lexington, Ky. (Don J. Wood. Department 
of Civil Engineering, 206B Anderson Hall, 
Unlv. of Kentucky, Lexington, KY 40506.) 
Aug. 3-1 5 IAGA Fourth Scientific Assem- 
bly, Edinburgh, United Kingdom. (B. R. 
Leaton, institute of Geological Sciencea, 
Edinburgh EH9 3LA United Kingdom.) 

Aug. 4-7 International Conference on Ener- 
gy Education, Providence, R.i. (Donald Klr- 
wan. Conference Chairman, Office of En- 
ergy Education, Univ. of Rhode Island, 
Kingston, Rl 02881 .) 

Aug. 9-15 Symposium on Variations In IhB 
Global Water Budget, Oxford, United King- 
dom. Sponsors. ICCL, IAHS, INQUA. 

(Prof. R. E. Newell, Department of Meteo- 
rology, 54-1520, MIT. Cambridge. MA 
02139.) 

Aug. 9-18 International Congress of Sur- 
veyors, F.I.G., Montreux, Switzerland. 
Sponsor, F6d6ratlon Internationale Dos 
Geometres. (American Congress on Sur- 
veying and Mapping, 210 Little Falls 
Street, Falls Church. VA 22046.) 

Aug. 10-14 International Conference on 
Basement Tectonics. Oslo, Norway. Spon- 
sor, Norwegian Petroleum Society. (Roy H. 
Gabrlelsen, Department of Geology, Univ. 
of Oslo, P.O. Box 1047, Bllndem. Oslo 3 
Norway; or Don L. Baars. Department of 
Geology. Fort Lewis College, Durango. CO 
81301 .) 

Aug. 10-14 Water Forum '81 : Technical 
State of the Art Exchange. San Francisco, 
Calif. Sponsors. American Society of Civil 
Engineers, Irrigation and Drainage Divi- 
sion, Committee on Drainage. (P. M. Mey- 
ers, 509 North Roosevelt Blvd., Apt. D- 
105, Falls Church. VA 22044.) 

Aug. 10-19 20th General Assembly of thB 
International Union of Radio Science. 
Washington. D.C. (R. Y. Dow, National 
Academy of Sciences, 2101 Constitution 
Ave., Washington. DC 20418.) 

Aug. 1 7-28 Third Scientific Assembly of IA- 
MAP with Extraordinary General Assem- 
bly, Hamburg, Federal Republic of Germa- 
ny. (S. Rutlenburg, NCAR, P.O. Box 3000, 
Boulder, CO 80307.) 

Aug. 17-18 Open Symposium on Malha- 
matical Models of Radio Propagation, 
Washington, D.C. Sponsor, URSI. (J. R. 
Walt, Bldg. 20, Electrical Engineering De- 
partment, Univ. of Arizona, Tucson, AZ 
85721.) 

Aug. 17-22 Ninth international Symposium 
on Earth Tides, New York, N.Y. Sponsors, 
IAG, IUGG, Columbia Unlv. (J. T. Kuo, 828 
S.W. Mudd, Columbia Unlv., New York, 

NY 10027.) 

Aug. 18-21 Second 8iennlal Conference 
and Exhibition of foe Australian Society of 
Exploration Geophysicists, Adelaide, South 
Australia. (J. Halgh, Conference Chairman, 
P.O. Box 42, Unlay, South Australia 5061.) 
Aug. 20-21 Second International Sympo- 
sium on Computer-Aided Seismic Analysis 
and Discrimination, North Dartmouth, 
Mass. Sponsors, Electrical Engineering 
Department, Southeastern Massachusetts 
University, IEEE Computer Society, IEEE 
Acoustics, Speech and Signal Processing 
Society. (C. H. Chen, Eleatrtoai Engineer- 
ing Department, Southeastern Massachu- 
setts University, North Dartmouth, MA. 

Aucf 2^-28 International Symposium on 
Management of GeodeHo 
gen, Denmark. Sponsors, IAG, the Danish 
National Committee of IUGG, Geodaetlsk 
Institut. (C. C. Tschernlng, . 

SSSSSSf 

European Geophysical Society Uppaaley 
Sweden. (C.-E. Lund, 0r 

• ganlzlng Committee, InsitotepJ^W ■ 

Earth 1 Physics; Uppsala University, Box 

Auf^^oTeatiHonofChar- 

tered Surveyors CentehityCelabratioh, 

London, England. (Reproseflte«v?R^- , 

• llrukl. American Congrerejn 
1 and'MapptoBi.210 Little Falls Street, ffaiw 
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Shlmozuru, IAVECEI Symposium on Arc 
Volcanlsm, Earthquake Research Institute, 
Unlv. of Tokyo, Bunkyo-ku, Tokyo 1 13 Ja- 
pan.) 

Aug. 31-Sepl 2 Third International Collo- 
quium on Mars, Pasadena, Calif. Spon- 
sors, NASA, Lunar and Planetary Institute, 
Division of Planetary Sciences of the AA5. 
(Conway W. Snyder, Jet Propulsion Labo- 
ratory, Pasadena, CA 91109.) 

Aug. 31-Sept. 5 Symposium on Geodetic 
Networks and Computations, Munich, 

West Germany. Sponsor, IAG. (Deutsche 
Geodatlsche Kommlssion, Bayerischen 
Akademie dar Wissenschaltan, Marsiall- 
platz 8, D-8000 Munchen 22.) 

Sept. United Nations Symposium on Water 
Management In Industrialized Areas, Lis- 
bon, Portugal. (Chairman ol the Executive 
Committee, International Symposium on 
Watar Management In Industrial Areas, 
Portuguese Water Resources Association, 
c/o LNEC, Av. do Brasil, 101, 1799 Lisbon, 
Portugal.) 

Sept. 7-12 Third International Symposium 
on Antarctic Glaciology, Columbus, Ohio. 
Sponsors, International Commission on 
Snow and Ice, International Glaclologlcal 
Society. (Institute of Polar Studies, Ohio 
Stale Univ., 125 S. Oval Mall, Columbus, 

OH 43210.) 

Sept. 8-12 American Society ol Phato- 
grammetry-American Congress on Survey- 
ing and Mapping Fall Convention, San 
Francisco, Calll. (L. W. Aggers, USGS. 

345 Mlddlalleld Road, Mall Stop 31, Menlo 
Park, CA 94025.) 

Sept. 13-17 National Water Well Associa- 
tion 33rd Annual Convention and Ground- 
water Technology Education Session, 
Kansas City, Mo. (NWWA, 500 Wosl Wil- 
son Bridge Rd„ Worthington, OH 43005.) 
Sept. 16-18 Oceans ’B1, Boston, Mass. 
Sponsors, Marine Technology Society. 

IEEE Council ol Oceanic Engineering. 

AGU. (R. Nagle, Publicity Manager. Ray- 
theon Company, 141 Spring Si., Lexing- 
ton. MA 02173.) 

Sept. 17-18 Midwest Meeting, Minne- 
apolis. Minn. (Meetings, AGU, 2000 Flori- 
da Ave., N.W., Washington, DC 20009.) 
Sept. 17-18 Pacific Northwest Re- 
gional Meeting, EHensburg. Wash 
(Bob Bentley, PNAGU, Central Washing- 
ton University, P.O. Box 1000, Department 
of Geology. EHensburg. WA 9B920.) 

Sept. 20-22 National Water Well Associa- 
tion 34th Annual Convention and Exposi- 
tion. Atlanta, Ga. (NWWA, 500 West Wil- 
son Bridge Rd.. Worthington, OH 43085.) 
Sept. 28-Ocl. 10 NATO Advanced Study 
Institute on Chemistry of the Unpolluted 
and Polluted Troposphere. Corfu. Greece. 
(W. Jaeschke, Center of Environmental 
Protection. University of Frankfurt, Robert- 
Mayer-Str. 11, 6000 Frankfurt/Maln. FRG.) 
Oct. 6-8 International Conference on Time 
Series Methods In Hydrosciences. Burling- 
ton, Ontario. Sponsors. National Water Re- 
search Institute of the Canada Centre (or 
Inland Waters and Water-Resources 
Branch of Ontario's Ministry of Environ- 
ment. (A. El-Shaarawi, Aquatic Physics 
and Systems Division, NWRI, Canada 
Centre for Inland Waters. P.O. Box 5050, 
Burlington, Ontario L7R 4A6 Canada.) 

Oct. 1 1-14 Coastal Society's Seventh An- 
nual Conference, Galveston, Tex. (N. 

West, Coastal Society Conference, De- 
partment of Geography and Marine Affairs, 
Unlv. of Rhode Island, Kingston, Rl 
02881.) 

Oct. 11-15 51st Annual International Meet- 
ing ol the Society of Exploration Geophysi- 
cists, Los Angeles, Calif. (William L Baker, 
Technical Program Chairman, c'o Chevron 
Oil Reid Research Co., Box 446. La Ha- 
bra, CA 90631.) 


Oct. 13-15 Fifth Geopressured-Geolhermat 
Energy Conforence, Baton Rouge, La. 
Sponsors. Louisiana Geological Survey. 
Department of Natural Resources; Energy 
Programs Office, Louisiana State Universi- 
ty; U.S. Department of Energy. (Ann Bach- 
man, Conference Coordinator, Energy Pro- 
grams Office. 105 Hill Memorial, Louisiana 
State Unlv., Baton Rouge. LA 70803.) 

Oct. 13-18 Division of Planetary Sciences 
of the American Astronomical Society An- 
nual Meeting, Pittsburgh, Pa. (B. Hapke, 
Dept, of Geology and Planetary Science, 
321 Old Engineering Hall. University of 
Pittsburgh. Pittsburgh, PA 15260.) 

Oct. 14-18 Third. Surveying and Mapping 
Colloquium for the Petroleum Industry, 

Banff, Alberta, Canada. Sponsor, Canadi- 
an Petroleum Association. (Liz Hampton, 
Canadian Petroleum Association, 1500, 

833 Sixth Ave., S.W., Calgary, Alberta, 
Canada T2P 2Y5.) 

Oct. 22-24 Fourth Conference an the 
Physics of the Jovian and Saturnian Mag- 
netospheres, Laurel, Md. Sponsor, NASA. 
(S. M. Krlmlgls, Applied Physics Labora- 
tory, Johns Hopkins Univ., Laurel, MD 
20810.) 

Oct. 26-30 Symposium on Quaternary 
Land-Sea Migration Bridges and Human 
Occupation of Submerged Coastlines, La 
Jolla. Calll. Sponsors, Quaternary Shore- 
lines Commission of the International 
Union for Quaternary Research, Scientific 
Committee of tho World Confederation of 
Underwater Activities. (Patricia M. Mas- 
ters, Scripps Institution of Ocoanogrephy, 
A-012, La Jolla. CA 92093.) 

November 1-5 Sixth Biennial International 
Estuarine Research Conference, Glonodon 
Beach. Orog. Sponsor, Estuarine Re- 
search Federation. (Jay F. Watson. Trea- 
surer. USFWS Suite 1962, 500 N.E. Mult- 
nomah Street, Portland, OR 92232.) 

Nov. 2-8 International Conference on the 
Venus Experiment. San Francisco Boy 
Area, Calif. Sponsor. NASA. (Dr. Lawrence 
Colin, Amos Research Center. Moffott 
Field, CA 94035.) 

Nov. 9-1 1 Spaclal Conforence on the Me- 
chanical Behavior of Salt. University Park. 
Pa. Sponsor. Rock Mechanics Laboratory. 
Department of Mineral Engineering. Penn- 
sylvania Slate University (H. Reginald 
Hardy. Jr . Rock Mechanics Laboratory. 
Room 117. Mineral Sciences Building. 
Pennsylvania Slate University. University 
Perk. PA 16802.) 

Nov. 9-20 Second Symposium on Geode- 
sy in Africa, Nairobi, Kenya. Sponsors, 

IAG, IUGG Local Commitlee of Kenya. 
IUGG Committee on Advice to Developing 
Countries. Alrican Association ol Cartogra- 
phy. (R. Omandi. Survey of Kenya, P.O 
Box 30046. Nairobi. Kenya.) 

Nov. 30-Dec. 1 1 43rd Session of the Inter- 
national Statistical Institute, Buenos Aires, 
Argentina. (Jim R. Wallis, IBM, Research 
Division. Box 218, Yorklown Heights. NY 
1059S; or G. S. Watson, Bernoulli Society 
for Mathematical Statistics and Probability, 
Department of Statistics, Princeton Univ., 
Princeton, NJ 08544.) 

Dec. 3-5 Topical Conference on the Pro- 
cesses of Planetary Rifting, San Francisco, 
Calif. Sponsor, Lunar and Planetary insti- 
tute. (Rift Meeting, Projects Office, Lunar 
and Planetary Institute. 3303 NASA Road 
1. Houston, TX 77058.) 

Dec. 7-1 1 AGU Fall Meeting, San Fran- 
cisco, Calif. (Meetings, AGU. 2000 Florida 
Ave. r N.W., Washington, DC 20009.) 

Dec. 18-19 Annual International Meeting of 
foa Working Group on Mediterranean 
Oph lollies, Florence, Italy. (Luigi Becca- 
luva, Istitulo di Patrografia, Via Gramscl 9, 
43100 Parma, Italy.) 


Geodynamics Series Volume 1 




Dynamics of 
Plate Interiors 


Editors: A, W. Sally, P. L Bender, 
T.R. McQetohln, & R. I. WalooH 


An interdisciplinary investigation focused on 4 major 
areas of study: 

Instrumental Measurement of Ihe Deformation of 
plate interiors 

History and Mechanism of Plateaux Uplift 
Vertical Movements from the Stratigraphic Record 
Quaternary Vertical Movements 

This final report of ihe international Geodynomios project, 

Working Group, 7 on Geodynamlos of Plate Interiors, brings together 
a variety of papers dealing, with the nature and origin of the 
dynamics or. the more stable regions af Ihe earth. 

Copubilshed by the Geological Society of America 
164 pages / $15.00 Hardbound 1 20% member discount 

Orders under 

$ 60.00 mud Gjj American Geophyslca Union 

be prepaid , » . 2000 Florida Avenue. N.W, 

= Washington, D.C. 20009 " 

Call 800-424-248& Toil free , 


','i ; 

! '• i ' : I 
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‘An extraordinary publishing event. ” * 

Quantitative Seismology 

Theory and Methods 

Volumes I and II 

Keiiti Akl 

Massachusetts institute oj Technolttgv 
n-«ul G. It k- hards 
Columbia Unit vrsfty 








"Hus truly exquisite text /monograph provides advanced students 
and proicssionals with a wonderfully detailed and comprehensive but 

udd account of physical, mathematical and instrumentations! principles 

w lien lie at the quantitative heart of modern seismology. . . . Hard to 
Imagine any respect in which the book could be improved upon, 
whether in the writing or the production.” 

— Set Tech Bonk News * 


Volume 1 
CON I I N I s 
I’ri'finv'liiin Kit Mu >n 

Hi' it I In-mi- ms in I-l.iMfiiiy 

Kirpn-M-ill.rtlnii.il Svlsmh Suurxs 
H.intlf 'X.ivia In mi a Point DMnuiimi S.mric 
Thili- W.iif.s in I i> >iui >y; 1 1 ii-iji is Mull. i jud I hiir 
lli-rtiviinil .111(1 lYaiiMiiN'I.iM ^1 ,1 PLiiii- Hi KlluI.rtV 

Ht lli-i it> in a i ul ltd r.ti i I Splu-rii <«l w.ii t > . 

I.iiiil>'s I'Kflili tn 

shim, i W.uiA in Vcriii.ui> Ik-ii-n ijtrni-mis 
Mi til hi ii 

T'n , i- 1 >■»«. I!l.ift, «iis nf iltf |.i nli 
Il'Kly 'V.tvi-. in Mill,., unit hcprli «lc-|U'iiiJciit 
Ti< i|>i-riii-« 

I'miuplo n| SiiiMii'iiii-try 
Apfu'iuiix | tilns>jry >>l Wjua 
A ppendix 1 l)t tin Jn< m nf M.o'iijitiihA 
Hil'Iii 'jir.ij>lii'lilik-\ 

TWO, p.t K o, In' i illuslrjtiuli-, 
turilluuiiid luSH 


Volume ll 
CONTENTS 

I’nMii/lniruilikilDii 

An.itysk nr.SclMUtiluHii-iil I):iu 
Ihvitm- 1 ’fnbk-nis in Si-isninlugy 
Si-itinii- *j«s in Thrce-dlnRnsiunally 
Illhiiiiin^iiiLiiii.s ^kllLi 
llK- Sets mil- Simriv. Klni-nuiks 
1 In- Si-i'inii- .Source: Oyniiinks 

HlMlnKMphi-/|nilex 

1‘Wn, JHU p.ijtcs, | K, illustutlons 
h.irdlK)iiiul: lost; $4795 


Special 15% discount for readers of EOS 

Quantitative Seismology 
Theory and Methods 
Volumes I and II 


Plrase send me the following copies of Qaamitcitii'e Seismology at 
53125 tor each volume with this coupon, a savings of $5.70 per copy. 

copies, Volume I copies, Volume It 

Guarantee: Examine Quantitative Seismology for fourteen days 
If for any reason you are not satisfied, you may return it for a full an 


prompt re hind. 


Address 


City/Slate 


□ I enclose payment with order. (California residents add appropriate sales lax.) 
Charge my □ VlSA/BankAmerlcard □ Master Charge. 

Account Number 

Expiration Date 


Signature 


(AU credit card orders mini be algncd.) 


IS W ' H - Fre «nan and Company 

600 Market Street, San Francisco, CA 94l(M 



EOS otfora crass hed space for Pastiors 
Available. Posrtona Wanted, and Services. 
Suoories, Courses, and Announcements. There 
aia no d-scounts or commissions on classified 
ads Any t>pe that <s not publisher's choice 13 
cha.-ged lor at display /ales EOS >s published 
weehfy on Tuesday Ad9 must be received in 
ATihna or, Vend*/ 1 week prior to the date of the 
issue required 

Replies to ads with bo* numbers should be 

addressed! £j Box American Geoohysical 

^"!P n -200Q Florida Avenue. NW. Washington. 
D C 20W9 

POSITIONS WANTED 
Rates per line 

1*5 limes-St 00, 6-1 1 limes-SO 75 
12-26 times -50.55 

POSITIONS AVAILABLE 

Rales per line 

1-5 limes- 52.00, 6-1 1 limes--St 60 
12-26 limes-SI 40 

SERVICES. SUPPLIES. COURSES 
ANO ANNOUNCEMENTS 
Ratos per line 

1-5 times -$2 50. 6-1 1 limes- Si 95 
12-26 t«nos-SI.75 

STUDENT OPPORTUNITIES 

For special ralos. query Rabin Lillie 

600-424-2458. 


POSITIONS AVAILABLE 
^/*'^ro , r i0, 1 0 “ , * iaol,d E,Mh 0«aphy 

, cNSCO. tnc In SpunglioM. Virginia is sack- 
ing * Program Manage Research Se.sniolonat to 
Suppuil an oiparM-ng program In au-’-J e.irth hOO- 
ph«tcs nesflansn orejs »»l inciudo sflesmic noi- 
»ori< data fwuuws.ng associated w.m mo direction 
KJenti Rcai-on and location of natural and man-made 
se'sni.c sources: earthquake charatfenjaiion and 
iKHi’ce mechancm studies: axfjtoqiqn source chai- 
Hcfon/aion; and nmpiricHt studies usng near fi«kJ 
and tar heid se>'smic dal a Fsperrenca in maoreticat 
and observaiionaJ seismology at regional and lefa- 
saisimc distances, 4s highly desiiabto E> penance 
m ttgitai Irma aenas analysis >s desirable Ph D in 
M'smo'ogy is highly dastiabte, however. U S level 
»lh experience m earthquake and explosion s»s- 
mology will be consWerad Salary and benefits ere 
extremely oompettuve. Resumes along with salary 
requirements should be submitted to |he Personnel 
Department at ttip address bekm. Aiienttxi Code 
SAS. ENSCO, lr»c , 5408-A Port Royal Road 
Springfield. VA 22161. . ’ . . 

Equal employment opportunity. AAP. ’ 


' • nl#l ®J l,t or Sedimentary Patrolo- 
BlitUnlv.r.Uy D f C.llfornla, Santa Barba- 
»■- Applications are Invited for a tenure track an- 

Bz'^nkri" “V®* fle ° ,0BV to 60 [,ll8d in 1981- 
BZ. Rank dependent on qualifications and exuari- 

enoa but preference will be given mhelSJi 
A PP ,:cflnl sh «*« noimally have a 
^ pe,d-orlan tal»n and qumitHaiive 
jartground lhecand.date will be exacted to ^dt 

nISf fl rt« Wran9 ^ BSearCh p,0 fl ram In clasbc sedi- 
mentation as related to basin analytes The candi 

2V2 ***cle<i to laaK bothlS' 
yaduate and graduate ravels and Interact with 

?n iht te ^ of the department, particularly 

^ , ss,rd i ss; y teaa ’ i " a ^ 

r “ umo - otflBr ^mentation of 

ZtS' Sit T 2f h 0 ‘ r «r m8 " d a.lo n by AU- 
yu»ji. leal to Dr Arthur Q. Sylvester Chairm=„ 

Sciences. Univerartyo? 0 ' 
California, Santa Barbara CA 93 KM Taiuk 
(BOS) 961-3156 06 Tetephone 

Tlw University ot California is an afllrmabve 
i wiaqual opportunity employer 

isssiis:* 

Tho serocted canduSJs ^ .^fliwosphere. 
ysis and Inierpreiation of date fmm 1 ln lhe ano1 ' 
g-ound-basod^ Mm « and 
o^imptemsmaiion ot n^g,“^ da ™^ mB "' 

sssss?: 

aoflztf* 0 ^' JohnsHopkina Hoad. Laurel. MD 
An equal opportunity amptoyar. m l. 

fpsss 

call 213-686^7120. A ^°* 7 - F « more tnlormailon. 


10^15 SS. Be0J ° Sy P,0flram 9 radu a«ng abmrt 

SSS& SfK/lf “JI 888 18 8i,uated l " 

Mountra^QrSS ^ J? 0Cky 

to the Overthrusi end -n« „ ,nW8 Bnd ad acent 

mmm 

SKaSrSisS^s- 

tt An equal opportunityraBlrmstlve a'c6on employer; 

oratories of Ttf^lQlltech P 1 ® Al8xandria Lab- 

fram Ph.D -levelSnS^f^ ^! Vte3 a PP Nc ailon 3 

^iad ,o JS55 

ban treaty negollaltona ^ 

background in such IqdIm .. , W have 
W- Belsmlc ctete^Ssif Silt? 1 ? Ical 80lamo to- 
advanced sclaniinc Comaillno^^rS? 8a,hflfln fl- 
toms. To apply ni eaan ^H 9, and computer aya- 
Hill, Pe8a^eirw^“? d T y ° ur ™sume to Jean 
Montgomery Q M, «5h, 314 

^ «quaiUi»nuntil^S^; r V,rflin,s Z2314 - 

Oapartatenl^sek y W*irisWna ?*' Gaolo 9y 

92 to teach exploration JS? Ieclu/0r 19 81- 

2!SS" "f «• 


wflh ostablfahed researeh^™ PW80n 01 P 8 ™®* 

by. mineralogy penSS S60ChBf nte- 

^y,to isaoh adSw^ 0 /^ ate,a cham- 
bwacl with faculty and sES ^5® couraa (a) l |n- 


VTESSr* 

ADVERTISE 

Racrult talenled peraonnel In the geo- 
physical sciences. 

Announce special meetings, workshops, 
short courses, end calls lor papers. 

Advertise services, supplies, and Inslru- 
manls. 


A classified ad In EOS, the weekly news- 
paper for the geophysical, will get re- 
sults. 

Low advertising rales, easy-to-mset copy 
deadlines, and a broad readership make 
EOS (he medium for the message. 

■ Place your ad today. a 

l Call toll free: M 

7/tu. . 800-424-2488 _u49 


Research Position In Chemloal 
P»*y. California Institute ol Technotogy. 

Geological and Planetary Sciences. The poalion 
research fellow Is being offered at Caltech torre_ 
search tn oceanography. Inveatlgatlon ol the 
to composition ol neodymium arid rare 
dances In saa water and sediments Is now b""8 U 
carried forward. The mechanism of Injection oi «» 
Into aaa water will be studied. The differences « 
Nd/ ,44 Nd In various water masses [Pfepgras 
el-. Earth and Planet. 8ct. Lett. 45. 223-236 , ; 

Plepgraa and Waaearbura, Earth and Planet. ». •' 
Lett 50, 126-130 (i960)) Is now being car ded ” , • 
ward ea an exploratory venture In order Jo new 
mine the origin and chemteal behavior of Ret ^ 
lhe ocean a^d the potential use of •• 

tracer. The laboratory facilities for sample prep* 1 
eon and analysis are fully functional and win oe 
available. Applicants should have training In 
ography and a good perspective on general P r* 
cal oceanographic modele. ; -j, n ij 

Send resume and references to Pf0 *9?*2Lji M- 
Wasaefburg. Lunatlc Asylum, CaOtomtoln» l “ JW ^ •• 
Technology, Pasadena,, CA 91126, . 7 

. ,CaHeoh Is an equal opportuntty/atilfmoHya ac*" 1 . 

. employer (M/F/H). • . 
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UNOLS Executive Secretary 

The University-National Oceanographic Laboratory System (UNOLS) fs 
soliciting applications foran Executive Secretary. UNOLS Ison organization of 
academic institutions for the coordination and planning of oceanographic 
facilities, chiefly research vessels. The Executive Secretary administers the 
functions of UNOLS and heads the UNOLS Office which Is located at and 
hosted by a Member laboratory. New office location is now pending. 
Institutions which hove signified an Intention to propose hosting the office 
are: 

University of Delaware 

The Johns Hopkins University, Chesapeake Day Institute 
Lamont-Doherty Geological Observatory of Columbia University 
University of Southern California, Institute for Marine and Coastal Studies 
University of Washington 
Woods Hole Oceanographic Institution 

It is anticipated that proposing institutions will negotiate with one or more 
applicants to become o port of their proposal, and selection will be based. In 
part, on the qualifications of the successful applicant who will become an 
employee of the host Institution. Required qualifications Include experience 
In oceanographic research ond knowledge of research ship operations. 
Salary Is negotiable depending on professional qualifications. Deadline for 
applications Is July 31, 1961. 

For further Information, contact: 


UNOLS Office 
Box 54P 

Woods Hole Oceanographic Institution 
Woods Hole. MA 02543 
(617) 548-1400, Ext. 2352 

— ■ An equal opportunity employer M/F/H , 


*T\ 


position can be obtained diracily from Dr. S R 
Taylor. 

Applicants should submit a detailed curriculum vi- 
tae. a publications list and the names and address- 
es ol three referees. 

Appointment as research fellow will be up to 
Ihrea years In the first instanco wllh the possibility 
of extension to five years Salary range: SAI9132 
to SA24072 per annum (SA1 - SUS1.14). Suparan- 
miallon. housing assistance, reasonable appoint- 
ment costs. 

The University reserves the nght not to make an 
appointment or to make an appointment by invita- 
tion at any time. 

Applications should be sent to The Registrar, 

The Australian National University. PO Box A. 
CANBERRA ACT 2600. AUSTRALIA by 3 AU- 
GUST 1081. 


Blogeoohemlat or Organic Qaoohamlat. 

Research assistant professor wllh Interest In organic 
matter cycling in coa9(et sediment systems, as part 
ol Inlardlsdpllnsry group. Academic year appoint- 
ment with opportunity for renewal. Resume, nfimos 
of three references, and letter ol research Interests 
by July 1 to L. Mayer. Ira C. Darling Center. Univer- 
sity of Maine at Orono, Walpole, Maine 04573. 

Equal opportunity/aflirmatlve action employer. 


Crustal Selamologyi Princeton Univer- 
sity. Candidates with an Interest in any ol the fol- 
lowing are Invited to apply tor research staff ap- 
pointments: 

1. Marine seismic date analysis and struc- 
ture of oceans and ocean margins. 

2. Narrow nnd wide angle reflection seismol- 
ogy applied to continental crnstai geology. 

3. Wave propagation theory and techniques 
of seismic data analysts. 

Princeton University has an ongoing program for 
the creative reanalysis ol existing multichonnol re- 
flection dale— such B9 COCORP and USGS on- 
shore data Special projects are undertaken from 
time to time to collect field data In critical areas or 
to test new methods of date collection and analysis. 
A high performance 32 bit minicomputer system for 
data analysis and theoretical work is to be Installed 
later thto year. 

Applicants should send curriculum vitae and a list 
ol three references to: 

Robert A Phfnney 

Department of Geological and Geophysical 

Sciences 

Princeton University 

Princeton. NJ Q8544 
Or inquire : 606-452-4 1 1 8 
Data of appointment and salary are negotiable 

Princeton University Is an equal opportunity em- 
ployer. 


Consejo Nacional de Investigaciones 
Cientificas y T6cnicas 


CHIEF OCEANOGRAPHER 


JsS 


Phyaloal Ooeanographari Memorial Uni- 
versity ol Newfoundland. Memorial Universi- 
ty ol Newfoundland In St. John'a seeks to fill two 
faculty positions in physical oceanography. One po- 
sition Is In ocean dynamics and the other la in theo- 
retical oceanography, [merest and experience in 
carrying out field programs Is desirable. Candidates 
tar bolh positions should hold a Ph.D. In physical 
oceanography, or a closely related Held (e.g. fluid 
mechanics). 

The program In physical oceanography at Memo- 
rial University Is new and offers the successful ap- 
plicant an opportunity to participate In the develop- 
rani ol this field In a frontier area. Memorial Uni- 
versity Is located In St. John’s, Newfoundland, 

*Nch Is rapidly becoming a centre of ocean studies 
related to fisheries and offshore hydrocarbon devel- 
opment In Eastern Canada. 

Salary will be commensurate with experience 
and qualifications. 

Applications, Including curriculum vitae and the 
names ol ihree referees, are to be submitted to: 
Dr.C.W. Cho 
Head 

Department of Physics 
Memorial University of Newfoundland 
3l John's, Newfoundland 
A1B3X7 

Pieulty Posltfon/Unlverslty of Alaska, Fair- 

Banks. Applications are Invited for a tenure track 
Wnty position In economic geology In the Geolo- 
flVjssophyslcs Program to teach undergraduate 
and graduate courses In ore deposits, mineralogy, 
and exploration geology. 

Applications should have demonstrated practical 
perfanee In'mlneral exploration, regional and de- 
w geologic mapping as wall aa a commitment to 
nus ! ,n lflB 8 Bn09ls °l ore deposits. The candl- 
expected to pursue a vigorous gradu- 
/“fe^cning and research program In economic 
9«ww students primarily oriented toward ca- 
fl ?* In toe mineral Industry. 

Preference will be given to Individuals with expe- 
»«lc m subarctic minerals research and 
reoxd of cloee collaboration with the mineral In- 
^Tiv' ca<,flrnlc rank “to salary commensurate 
"T/jWfence. Ph.D. required. 

rsMnlrSS!?' 0 and thr0B 101,0,8 ot reference Dl- 
wwr. UMsion ot Geosciences. University of Alas- 
^ahbanka, Alaska 09701. Applications will be 
until June 30, 1981, or until tilted, 
-ifciversity °* A,08l,a |s Hn equal opportunity/ 
“flfmativa action employer. 


Sedlmentologlst-Sedlmentary Petrogra- 
pher/Ohlo State University, The department 
of Geology and Mineralogy invites applications for 
a (enure track faculty position In sedlmentology- 
sedlmentary petrography. The appointment is avail- 
able from August 19B1. 

Salary and rank competitive and commensurate 
with experience. 

Applicants should send resumes and names of at 
least three referees or address Inquiries for further 
Inlormatton to Peter-N. Webb. Dept, oi Geology 
and Mineralogy. The Ohio State University. 125 
South Oval Mall, Columbus. Ohio 43210. Closing 
date Is July 1, 1981. 

The Ohio State University is an equal oppertuni- 
ty/affirmatlve action employer 


Seismology. Research associate position antic- 
ipated (September 1. 1981), telemetry monitoring 
project In Virginia. Problems focus on BeismfcNy 
and n sole cion ics in the stale Prefer M S geophys- 
icist with thesis In observational seismology, but 
others considered. Applications, transcripts and two 
letters of recommendation to: Dr. G. A. Bollinger. 
SBlsmologlcal Observatory, VPI&SU. Blacksburg. 
Virginia 24081 . Deadline lor receipt of applications 
le August 1. 1981. 

VPI&SU Is an equal opportunlty 'aflirmatlve action 
employer. 

Research Fellow/Sedlmentery Geochemis- 
try. The Australian National University Invites ap- 
plications for appointment as research lellow in 
sedimentary geochemistry. Research School of 
Earth Sciences. The School has a well equipped 
trace element laboratory. Including an MS7 Spark 
Source Mass Spectrometer, with access to electron 
rrtcroprabe and XRD fadllllas. 

The succBBaful applicant should hold a Ph.D. de- 
gree and have a good background In geology, geo- 
chemistry, analytical chemistry, sedlmentotogy and 
Pre Cambrian geology and ahoutd have experience 
In (he use ol ths above analytical techniques. 

He or she will be expected to participate In |olnt 
research projects dealing with Uib use of trace ele- 
ment geochemistry tn elucidating the composition 
and evolution ol the Earth’s crust through studies of 
sedimentary rock sequences. 

In addition, applicants are invited to submit re- 
search proposals detailing the general research di- 
rections and specific projects which they would 
wish to pursue. Further Information concerning the 


A postdoctoral scientist with several years experience in physical 
oceanography is required at I ADO (Institute Argentine de Oceano- 
grafia), a joint Institution of the Consejo Nacional de Investiga- 
ciones Cientificas V T§cnicas (National Research Council), the Un- 
iversidad del Sur, Bahia Blanca, and the Armada Argentina (Ar- 
gentine Navy). 


The applicant, in addition to research and postgraduate teaching in 
his own field, will also be responsible for the planning, coordina- 
tion, and supervision of activities in other branches of oceanogra- 
phy at large. 


The position is under the auspices of a joint progiam of the Con- 
sejo Nacional de Investigaciones Cientificas y Tlcnicas (CONI- 
CET) and the Interamerican Development Bank (IDB). It will be ini- 
tially of medium duration, and is renewable. 


it will be located at Bahia Blanca. Salary and fringe benefits ac- 
cording to qualification. Knowledge of Spanish language will be 
considered an advantage. For consultations or submitting applica- 
tions, contact: 


Seftor Presidents del 

Consejo Nacional de Investigaciones 

Cientificas y Tbcnlcas 

Avda. Rivadavla 1917 

(1033) Buenos Aires, Argentina. 


Applications should include complete academic and professional 
background along with a list of publications as well as names and 
addresses of three references. 



New Member Sponsors 

Mamh !?! intlrec * sixty-six members were elected between 
sarmclr. A P ril 30 > 1 981 ■ ^0 AGU members who 
E™ them are listed below. Earlier lists were pub- 
lls ^ March 24 and April 28. 

M * M®mbersf Robert B. Smith. Two Members! 

c an R l; ^kowinski, David S. Chapman, Robert A. Dun- 
Janulacrli lsacka - Charles M. Keefer, LaVerne D. Kulm, 
Rovfir ■' y cClaln, Forrest Mozer, W. J. Raltt, Thomas C., 
On* u d Dona,d U. Wise. 

L, Anria 8m k Bn Thomas J. Ahrens, Walter Alvarez, Don 
Moha IoL 0n ’ Jamea G - Anderson, Klrisey A. Anderson, 
Backus c U i‘ Abdalla ' Steven Bachman, George E. ; , • 

SvainhtorrS Baker > Steven C. Bergman, Dale Blbee, . 
Gunnn o . ,omsaon ' R °a» A. Black, D. L Blackstone.'Jr,, 
E. Bquu i u ar8son > Pences M. Boler, Martin H. P. Bott, 
Bfoh q ' k l Jy- Bralle, Randolph W. Bromery, Charles A. 

Robert c/P' Brown > R-LBruhn, Roger Q- Burns, 
pell n 1 Car ntlchael, Mlngteh Chang, Charles R. Chap- 
E.c^;i n Cla S 9 ' J ohn W. Clough, Ron M; Cldwes, Charles 
Cresr S« Charl0s s - Co *> Richard G. Craig, Kenneth M., 

* eoffrey F. Davies, iPaul M. DaVis, Howard ;W. Day, 


Paul S. DeCarlE, Robert E. Dennis, Steven R. Dlckman, 

F. A. Donath, H. James Dorman. Leroy M. Dorman, 

Charles L. Drake, Richard E, DuBroff, Fred Duennebter. 

Dieter H. Ehhalt, David S. Evans, Hans P. Evgsler, Leon- 
ard S. Fedor, Michael Fehler, Robert W. Ferguson, Henry 
F. Fliegel, L. Nell Frazer, F. A. Frey; A, Shelby Frisch. T. J. 
Fltzaerald. Joseph Frlzado, Cliff Frohllch, Kazuya Fujfta, Mi- 
chael 0, Garcia; Ronald J. Gibbs,. Freeman Gilbert, R. W. 
Glrdler, Bilfy Price Glass, Ambrose Golcoechea, Melyyn L 

Goldstein, Paul Grelaman. • ' 

Frank Hadsell, Gregory D. Harper, C. G A. HarriBon, 
Halstead Harrison; Larry A. Haskln. Gary E. Hause* Qralg 
O' Hayenga, John G. Heacock, Hugh C. Heard, Robert A. 
HelHwell. Thomas L. Henyey, W. J. Hinze. Kenneih J^Hol- 
lett Thomas E'Hoteer, Jose Honnorez; Lonnje L. Hood, 
Robert Houtz, Robert L. Huguenln, Ru J. Hung, Anthony lr- 
vlng^E, IrVing. H. M. Iyer, Ansel G. Johnson, f. H. Jordan; 

J °Ooualas L^Kane, M. Allan. Kays, Charles t).: Keeling, 
qS Keller, w. Kertz. Raz Khaleel, Cart .Klsslinger i 
plter 9 K. Kitanldls, Jan Kouba, Led KrlstJanssoh. Arthur F. 
Kuckes 'Andrei S! Kusubov, Helrhut 4 Landsbsrg, Bjorn T. 

> 1 c i orann. B. E.' Leake. Darrell I. Leap, Con- 


way B. Leovy, Joel S. Levine, J. G. Uou. Austin Long, Dan- 
iel P. Loucks, Allen Lowrie, William J. Ludwig, Alan M. 

Lumb. Timothy M. Lutz. 

William D. MacDonald, R. M. MacQueen, Thomas Mad- 
dock, James Maglll, David C. Major, Stephen D. Malone, 
Murli H. Manghnanl, Robert Mark, Bruce D. Marsh, David 
L. Martin. Russell McDuff, Michael B. McElroy, L. D. 

McGinnis, Stuart McHugh, Randolph Mobsrly, Walter 
Mooney, O. B. Moore, Dennis Wilson Moore, H. J. Moral- 
Seytoux, Helmut Moritz, L. J. Patrick Multler, Patricia E. 
Murtha. Frederick Nagle, Manuel Nathenson, Richard S. 
Naylor, David L Nebert, Anthony Nekut, F. M. Neubauer, 
Shlomo P. Neuman, R. W. Nlcholls, Henry Joseph 
Nelbauer, Richard W. Nightingale, Hallan C. Noltlmler, ' 
AmosNur. 

W. P. Olson, Richard E. Orville, Benjamin M. Page, Don- 
ald F. Palmer, Chung Park, Robert L. Parker, David F. Pas- 
teusky Bryan Pearce, Henry Perkins, K. A. Pfitzer.John A j 
Phnpoits, Morris B. Pongratz, Raymond A. Price; Ivar B; / 
Ramberg, Joseph B, Reagan. Charles R, Real, Dbvtd ILr 
Reasoner, Irwin Ramson, Eugene D. Richard, John D. 
Richard son, Randall M, Richardson, Robert E. Rlecker,;;- 
Peter A. Rigotll, Peter Rdgers, William M. Roggehthe'ni Wil- ’ 
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Warn B. Rossow, Peter H. Roth. Jacob Rubin, David Rusch, 
Sidney L. Russak. 

Raiael Sanchez, Kim David Saunders, Samuel M. Savin, 
David W. Saxton, Marc L. Sbar, Kenneth F. Scheidegger, 
John William Schlue, Ulrich Schmidt, Robert W. Schunk, 
David Seidemann, Stephen Self, Margaret Ann Shea, Gor- 
don G. Shepherd, Peter N. Shiva, Loren Shure, John M. 
Slntan, George L. Sfscoe, Cliarfes W. Slaughter. David B. 
Slemmons, Don F. Smart, Douglas L. Smith, Eugene I. 
Smith. Scott B. Smithson, Charles P. Sonett, Frank Spera. 
R. R. Sleeves, Daniel B. Stephens, J. Carl Stepp. Robert 
G. Stone, William D. Stuart, Desiree E. Stuart- Alexander, 


Meetings 


Applied Glaciology Symposium 


The International Glaciology Society has slated its sec- 
ond meeting on the applied aspects ol snow and Ice re- 
search for August 23-27, 1982, at the Cold Regions Re- 
search and Engineering Laboratory In Hanover, New 
Hampshire. This Second Symposium on Applied Glaciology 
wll Inc ude technical sessions on the engineering problems 
of iCoaung Ice; engineering problems of ground Ice; ice- 
bergs and glaciers: properties and behavior of snow and 
Ice; snow removal and control; avalanche control and snow 
pressure: ice secretion; end modeling techniques In applied 
glaciology. 

For additional information, conlacl the Secretary General 
International Glnclotaglcal Society, Lensheld Road, Cam- 
bridge CB2 1ER, United Kingdom. $ 


Coastal Engineering Conference 


Tho 18th International Conference on Coastal Engineer- 
ing. wll| be held November 14-19, 1982, In Cape Town 
Ropublic of Soulh Africa. 

Topics to be covered at the conference Include wind cur- 
rent and wave action; tides and long waves; sedimentary 
processes and coastal morphology; estuary and inlet be- 
havior; coastal structures and recreational facilities; ship 
motions and harbor entrance design; ocean outfall design 
and construction; and environmental aspects of coastal en- 
gineering. 

Five copies of a synopsis (not to exceed two pages) of 
papers proposed for the conference should be sent to Billy 
L. Edge. Secretary, Coastal Engineering Research Council 
Department of Civil Engineering. Clemson University. 
Clemson, SC 29631. Deadline Is October 31 , 1981. £ 


Underwater Mining Institute 


^ T h ? 12, 5 4^ dBfwa,Br Mlnjn 9 Institute is scheduled for 
October 20-22 in Madison, Wisconsin. The program wilt in- 
dude presentations on mineralogy of marine sulfide depos- 
its. tectonic setting for spreading center sulfide deposits- 
seafloor sulfides in the Galapagos and other Pacllic areas- 
new developments In southeast Asia offshore tin opera- ' 
tons; geophysical techniques for finding underwater copper 
todas; new geochemical techniques for marine minerals ex- 
ploration; changes In the International mining trade ol rele- 
vance lo marine mining; and the impact of sea grant miner- 
als research on Industry. The program will also include 
tours to local research laboratories. 

For registration information, contact Gregory Hadden 
.PP 1 Adv,sor Y Services. University of Wisconson ' 

608 262-0644^ AVSnU8 ' Madlson ' Wl 53706 iPhone: 

For technical program Information, contact J. Robert 
Moore. Marine Science Institute, University ol Texas P O 

512'47M8^18) V ^ , * y Aus,in ' TX 78712 « ele P>™ne: 


AGU Midwest Meeting 


September 17-18 
Minneapolis, Minnesota 


Abstract Deadine: July 1 
Convenor; V. Rama Murthy 


Papers and posters originating In or pertaining to 
Iho region are solicited lor the following special ses- 
sions: 


Con,acl Geoflray 

iirrf int0r . aclf ™ s: Hydrothermal processes 

and metattogenasis. Contact William Seyfried. 

M c L ust *l svofuUon of the North Ameri- 

can comment. Contact Paul Welblen 

blr^w 6, * Sm and P*lBomagneUsm. Contact Su- 

H US. Contact 
H. O. Pfannkuch or E. C. Alexander, Jr. 


Abstracts 


Use standard AGU format fsae nam cm ni 
13 Eos) and send original aqd two copies 6f ahl? UafY 
shads lo AGU Midwest Meeting, 2000 Florida Aire; 
nue. N.W.. Washington, D.O. 
published in Eos. with a substantive SSSSShSm^ 
after Ihe meeting. There will be no abstract chaije^i. 


Peter Styles, Steven T. Suess, Kendall L. Svendsen. 

Pradeep Talwanl, Michael A. Temerin, Ta-llang Teng, 

H. R. Thlerateln, Ronald J. Thomas. T. R. Toppozada. Don- 
ald L. Turcotte, Petr Vanlcek, Kenneth L. Verosub, Thomas 

A. Vogel, Elstratlos G. Vomvorls, Carl A. Von Hake, William 

B. Wadsworth, Harve S. Waff, Mary Emma Wagner, Clyde 
Wahrhaftlg, Raymond J. Walker, C. Wang, Steve Wegener, 
Ray F. Weiss, J. E. White, John M. Wilcox, James G. Wil- 
liams, John Wilson, W. P. Winn, I. J. Won, David D. Wool- 
dridge, Francis T. Wu, Shi Tsan Wu, Klaus Wyrtki, Gour- 
Tsyh Yeh, Hsueh-Wen C. Yeh. 


Next comes Raman backscatter for measurement.^ 
Unity, temperature, and other variables, and then * 
Brillouln scattering to sense sound velocity WhSnT 83 
Intense laser signal hits the water, it will also heat I'S 

nnnnratfl an nrniistlr* alnnal ..n " 9/X] 


generate an acoustic signal. The reflection of the sri 
signal back to the surface (by density structures) SSf 
generate a measurable surface signature. One can ilSi 
for deoth soundlna from aimlanao .nH , can usejhij 


for depth sounding from airplanes and, uWmateNfcS 
even more remote platforms. The combination of Zi 


tine practical use, suggests that one should follow 2? 
ments closely. The methods, so far, seem 
useful In the upper 50 m of the ocean but may some L 
be extended to several times that depth. This will mT 
very little about the deeper water column. But the no«L 
of obtaining synoptic data, even in the upper few E™ 
seems interesting. The technology needs to be woZl 

and thfi nn«Rnnnrnnhlr> hnmmi milu ^ 


Aquifer Protection Policies 


A special program entitled 'Effects of New Aquifer Pro- 
tection Regulations and Policies on Ground Water Manage- 
ment’ will be held at the American Society of Civil Engi- 
neers’ Spring Convention and Exhibit during the week of 
April 19, 1982, In Las Vegas, Nevada. The program Is 
sponsored by Ihe Hydraulic Division's Committee on 
Ground Water Hydrology and by the Environmental Engi- 
neering Division's Committee on Hazardous Waste Man- 
agement. 

A call for papers has been issued for the following topics: 
review of regulatory activity, future protection regulations, 
and policies; groundwater quality monitoring; design of well 
networks; groundwater studies stemming from regulations, 
Including remedial measures; and ongoing and needed re- 
search. Research topics should address pollution sources, 
transport and fate of pollutants, methods of detection, and 
aquifer rehabilitation. 

Geophysicists interested In presenting a paper should 
send a one-page abstract to Richard J. Schlcht, Illinois 
State Water Survey, 605 East Springfield Avenue, P.O. 

Box 50 50 , Station A, Champaign, IL 61820 {telephone; 
217/333-2594). Deadline is July 31. iffi 


Workshop on Remote 
Measurement of 
Underwater Parameters 


Th/s workshop was held at Bolkesjo, Norway, October 30 
to November 1, 1980. it was arranged by the Royal Norwe - 
Scientific and Industrial Research, Space 
c/^ y « D/Ws/0n; of Geophysical Research, Unlver- 
n nfa n gen: flnd o{ Naval Research, Arlington, Vlr- 
£*• '!. was ^Poosored by the Royal Norwegian Councillor 
Sclenthc and Industrial Research, the North Atlantic Treaty 
Organization, and the Office ol Naval Research. ^ 


° na may “™ lude ,rorn ,he fueling that the Idea that It 
may be possible to determine any subsurface variables of 

SalSniT 0 ' 6 S0nSlnfl 18 “■ Xple buf 

L™' zab ' e now - ,n a severely limited manner, and still wssi- 
Ino SOFAR n S? 1 Soundwaves are now used for track- 

to rely upon other methods. In saltwater y elac?rnm^n n h « 
waves cannot be used Drofiiahiu Z u n ? agnetic 
ter overlying salt water b ,' ackish or ,resh ** 

prove useful and practical ^ n to estuaries may 

malion aboul ffiES ?' ° bl ?'"N Inlor- 

Hme one wants information 9 ‘° 90 ,h0rG each 

upper ocem are'gfou^^ ln ,he 

dar. The ground wave radw mefhori° nr? Pher ° scaHer ra ' 

Fs CODAR, when used from sl i " exam P ,e 0( which 
Held In the upper 1/2 meter of tho 8e ? se lhe ct,rr ent 
olullon ol 1 .S krn^d 0 10 wf White!! r" h 8 8pa ° lal «- 
were given of synthetic aDerturo IIm 6 V?™ exam Ples 
SEASAT-SAR daMhe pS^,^ Matures In 
scribed In sufficient detalUo en1^oi 9 B °.n hm S® 8 not de ’ 
menl about Ihe method, although in°i!rinr^ a i? e P ny Judge ' 
possfble to Inter current alSno diM®, 5 Should 
shifted rellecllons. The SAR dat a a l ,rom D °PP ,0r ' 

latlon between bathymetry Jn “ rre - 

at previous workshops .where these datfhoL 2? nes3 ‘ As 
sented, there was llttie. if any, anlfvsls n£fn n pre * - 
les of the processes. The adlve oSi & Ihe 
ser light sources, take advantaL of thifrJ ho , da ’ us,n 9 la 1 ; 
the Rayleigh soatterina braad^ (Ha 


and the oceanographic community need not yet holdTte 
collective breath and sit around and wait, but the new 
methods may be upon us In a few years. The active art 
passive remote sensing of water properties has of con™ 
also been extended to sensing of biological properties 
Here the workshop contained a very Interesting set d[» 
pars on algorithms and the Inverse problem and an exam- 
pie of application of color measurement to mud flat art u 
at flat properties. 

The first paper was by N. K. Hejerslev, who showed that 
different regions of the ocean have sufficiently different 
plankton-related color that a universal algorithm for inter- 
preting color In terms of biological measures will have seri- 
ous shortcomings. The next paper, by J. Fischer and H. 
Grassl, who had examined the problem of remote sensing 
of particulates, found that the problem of determining par- 
ticulate matter variables from color observations was not 
well conditioned and that the matrix really had only two bn- 
early Independent characteristic vectors. The tentative con- 
clusion of this listener to these two papers was that before 
one can use color to determine biological variables, one 
needs to Introduce some Information about local biological 
properties as a constraint on the Inversion process. TNs 
means that one needs biologists to help with the interrela- 
tion; one cannot find a way where the technology system 
and the computer can do it all by themselves. This should 
not be a source of wonder because biology is a nonirivfal 
branch of science and cannot be left to automation. One 
has to develop a certain judgement and expertise before 
one can produce useful results. 

The Coastal Zone Color Scanner provides useful Infor- 
mation for biologists, but the Information from the intensity 
of color bands cannot be used blindly, it has to be Interr- 
ed through the use of knowledge about local biology as a 
constraint on the Inversion process. An example ol how to 
Incorporate local knowledge in an inversion problem was 
given by Prober, Bahr, and Dennert-Muller, who Interpreted 
the LANDSAT images from different channels, in terms of 
tidal flat Glasses, including dry sand, wet mud. and others 
by using 'training fields' and In situ establishment of field 
characteristics. The use of these training fields Introduced 
the local constraint on the Inversion process and made it 
possible to classify a large region from LANDSAT dale at 
ter field work In a limited area that covered the important 
classes of flats. 

This is apparently the direction In which one has lo seek 
methods for interpreting upper ocean color. Also, no doubt 
the same method can be used with active sensors, where 
one senses the color quality of reflection of laser lights Iron 1 
different depths, Including fluorescence effects. 

While some of the methods seemed kind of far from 
practical realization In the near future, there is rapid tech- 
nology development under way. 

The workshop was informative for the participants, and 
the sober assessments provided by the working group 8 
showed that one cannot dismiss remote sensing tech- 
niques out of hand, that lhe technologists need to encoun- 
ter scientists to learn what one should look for, and It 
showed how one may adjoin specialist knowledge to re- 
mote sensing data. In that sense the workshop was educa- 
tional, realistic, and productive of sober evaluations of 
methods. An abstract volume will be available shortly (red 1 
the Royal Norwegian Council for Scientific and 
Research, Space Activity Division, P.O. Box 309. Bllrwem, 
Gaustadallen 30 D, Oslo, 3, Norway. 


Tb/s meeting report was prepared and submitted by 
Mollo-Chrtstensen of the Department of Meteorology S] 
Physical Oceanography at MIT, Cambridge.® 
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Geophysical Year 

(Boldface indicates meetings sponsored or 
cosponsored by AGU.) 


May 27-29 Canadian Meteorological and 
Oceanographic Society 15th Annual Con- 
gress, Saskatoon, Saskatchewan, Canada. 
(B. E. Goodison, Program Chairman, At- 
mospheric Environment Service. 4905 Duf- 
lerin Street, Downsvlew, Ontario M3H 5T4 
Canada.) 

June 1-4 Fret JECSS Workshop Tokyo, 
Japan. Sponsor, Tsukuba University. (Ta- 
keshi Ichlye, Dept, of Oceanography, Tex- 
as A&M University, College Station, TX 
77843.) 

June 1-5 Second International Sym- 
posium on Inertial Technology for 
Surveying and Geodesy, Banff, Cana- 
da. Sponsors, AGU, Canadian Institute of 
Surveying, Unlv. of Calgary. (Klaus-Peter 
Schwarz, ISS Symposium 1981, Division 
ol Surveying Engineering, Unlv. ol Calga- 
ry, Calgary, Alberta T2N 1 N4 Canada.) 

June 3-4 Symposium on the Ecology and 
Management of Reservoirs, University La- 
val, Quebec, Canada. Sponsors, Unesco, 
UnlversRd du Quebec, University Laval, 
Hydro-Quebec, Society d’Energle de ta 
Bale James. (P. G. C. Campbell, Univer- 
sity Quebec, INRS-Eau, C.P. 7500, Ste. 
Foy, Quebec G1V 4C7 Canada.) 

June 4-5 Eastern Snow Conference, Syra- 
cuse, N.Y. (B. E. Goodison, Program 
Chairman, Atmospheric Environment Ser- 
vice, 4905 Dufferln Street, Downsvlew, On- 
tario M3H 5T4 Canada.) 

June 7-1 1 Eighth Ocean Energy Con* 
farenoe for the Department of En- 
ergy, Washington, D.C. Sponsor, Marine 
Technology Society. (Harry Irwin, Marine 
Technology Society. 1730 M St., N.W., 
Washington, DC 20036.) 

June 8-10 International Geoscience 
end Remote Sensing Symposium, 
Washington D.C. Sponsors, AGU, IEEE 
Geoscience and Remote Sensing Society. 
(F. T. Ulaby, Remote Sensing Laboratory, 
Unlv. of Kanaas Center for Research, Inc., 
West Campus, Lawrence, KS 60045.) 

June 14-19 Second International Confer- 
ence on Urban Storm Drainage, Urbana. 

III. Sponsors, Untv. of Illinois, International 
Ualson In Urban Storm Drainage, Interna- 
tional Association of Hydraulic Research, 
International Association of Water Pollution 
Research, American Society of Civil Engi- 
neers. (B. C. Yen, Department of Civil En- 
gineering, Unlv. of Illinois, Urbana, IL 
81801.) 

June 15-10 International IEEE/APS Sym- 
posium, National Radio Science Meeting, 
and International IEEE/MTT Symposium, 
Angeles, Calif. (Prof. N. G. Alexopou- 
tos. 7732 Boelter Hall, Department of Elec- 
trical Sciences, Unlv. of California, Los An- 
geles, CA 90024.) 

June 22-28 International Symposium on 
“oeion and Sediment Transport Measure- 
ment, Florence, Italy. Sponsors, IAHS, In- 
ternational Commission on Continental 
troskxi, National Research Council of Ita- 
y- (P. Tacconl, Secretary of the Organiz- 
ing Committee, latlluo dl Ingegneria Civile 
ViaS. Marta, 3 50139 Firenze, Italy.) 

June 23-26 Seventh International Sympo- 
aum 0n the Machine Processing of Re- 
motely-Sensed Data, West Lafayette, Ind. 
sponsor, Laboratory for Applications of 
remote Sensing, Purdue Unlv. (D. B. Mor- 
ion, Purdue Unlv./LARS, 1220 Potter Dr., 
wej Lafayette, IN 47906.) 
p® i “ 26 International Symposium on 
, pme Operation of Hydrosyslems, 
Waterloo, Ontario, Canada. Sponsor, Wa- 
Hesouroea Group, Unlv. of Waterloo. 

'^■ 0nny or E. A. McBean, Unlv. of Wa- 
ja^oo, DBpartment of C)v |, Engineering, 
j^-^P' Ontario N2L 3G1 Canada.) 

^ 2 22nd United States Sympo- 
m on Rook Mechanics, Cambridge, 
"TO8. Sponsor, Massachusetts Institute of 
Can, ( QBy - ( Barbara Dullea, Coordinator, 
s ™ ,w Advanced Engineering Study 


o - — ■ cNuiriBenng aiuay 

June 2?7i M ' T ’ bridge, MA 02139.) 
u w J5 j u| Y 3 Conference/Workshop on 
lo Afi^S 0n u Oua Catalysis — Ita Importance 
Aknoapheric Chemistry, Albany, N.Y. 

rSK’ o S , F ' NASA - < v - A - Mohnen, Al- 
Stailm SclenC9B Research Center, . 
Unlv. of New York, Albany, NY 

U Jrt 1 \ Seminar on Fluld-Dynam|- 
,n Astrophysics and Geo- 
MathnS „ '^S 0 - HI- Sponsors, American ’ 
ai aS7 ll( ?' Soclef y. Society for Industrl- 
ranZin? n Mathe matlcs. (Meeting Ar- 

mS55, D ® P S rtrnent ' African Mathe- 

pSS^ i) P09tOff,ce Bo * 

W rS8B ' 81 - So uth. African . 
pjgjjmtoa Prdject and 3rd International 

Alrlos qS'*?® 01 ^ 10 ® 1 Society of South ■ 
,0f the infif 1 ^ ,ric e n National Comhnlttee 
St^ernaffonal Unldmof Gedloglcal.' 

Sf SWft 


July 8 - 1 0 National Conference on Environ- 
mental Engineering, Atlanta, Ga. Sponsor, 
Environmental Engineering Division of 
American Society of Civil Engineers. (F. 
Michael Saunders, 1981 National Confer- 
ence on Environmental Engineering, 

School of Civil Engineers, Georgia Institute 
of Technology, Atlanta, GA 30332.) 

July 1 5-1 7 Summer Computer Simulation 
Conference, Washington, D.C. Sponsors, 
Instrument Society of America, the Society 
for Computer Simulation. (William E. Bu- 
chanan, Applied Physics Laboratory, 

Johns Hopkins Road, Laurel, MD 20810.) 

July 21-23 Chapman Conference on 
Spatial Variability In Hydrologlo 
Modeling, Fort Collins, Colo. (Meetings, 
AGU. 2000 Florida Ave., N.W., Washlno- 
ton, DC 20009.) 

July 21-30 21st General Assembly of IA- 
SPEI, London. Ontario, Canada. (A. E. 

Beck, Department of Geophysics, Unlv. of 
Western Ontario, London, Ontario N6A 
6B7 Canada.) 

July 27-30 Eighth International Sym- 
posium on Urban Hydrology, Hy- 
draulics, and Sediment Control, 

Lexington, Ky. (Don J. Wood, Department 
of Civil Engineering, 208B Anderson Hall, 
Untv. of Kentucky, Lexington, KY 40506.) 

Aug. 3-15 IAGA Fourth Scientific Assem- 
bly, Edinburgh, United Kingdom. (B. R. 
Leaton, Institute of Geological Sciences, 
Edinburgh EH0 3 LA United Kingdom.) 

Aug. 4-7 International Conference on Ener- 
gy Education, Providence, R.l. (Donald Klr- 
wan, Conference Chairman, Office of En- 
ergy Education, Unlv. of Rhode Island, 
Kingston, Rl 02881.) 

Aug. 9-15 Symposium on Variations In the 
Global Water Budget, Oxford, United King- 
dom. Sponsors, ICCL. IAHS, INQUA. 

(Prof. R. E. Newell, Department of Meteo- 
rology, 54-1520. MIT, Cambridge, MA 
02139.) 

Aug. 9-18 International Congress of Sur- 
veyors, F.I.G., Montreux, Switzerland. 
Sponsor, F6d6rallon Internationale Des 
Geometres. (American Congress on Sur- 
veying and Mapping, 210 Little Falls 
Street, Falls Church, VA 22046.) 

Aug. 10-14 International Conference on 
Basement Tectonics, Oslo, Norway. Spon- 
sor. Norwegian Petroleum Society. (Roy H. 
GabrtBisen. Department ol Geology, Univ. 
of Oslo, P.O Box 1047. Bllndern, Oslo 3 
Norway; or Don L. Baars, Department ol 
Geology, Fort Lewis College, Durango. CO 
81301.) 

Aug. 1 0-1 4 Water Forum '81 : Technical 
State ol Ihe Art Exchange, San Francisco, 
Calif. Sponsors. American Society of Civil 
Engineers, Irrigation and Drainage Divi- 
sion, Committee on Drainage. (P. M. Mey- 
ers, 509 North Roosevelt Blvd., Apt. D- 
105, Falls Church. VA 22044.) 

Aug. 10-19 20th General Assembly of the 
International Union of Radio Science. 
Washington, D.C. (R. Y. Dow, National 
Academy ol Sciences, 2101 Constitution 
Ave., Washington, DC 20418.) 

Aug. 1 7-28 Third Scientific Assembly of IA- 
MAP wtth Extraordinary General Assem- 
bly. Hamburg. Federal Republic ol Germa- 
ny. (S. Ruttenburg, NCAR. P.O. Box 3000. 
Boulder, CO 80307.) 

Aug. 17-18 Open Symposium on Mathe- 
matical Models of Radio Propagation, 
Washington, D.C. Sponsor, URSI. (J. R. 
Walt, Bldg. 20, Electrical Engineering De- 
partment, Unlv. of Arizona, Tucson, AZ 
85721.) 

Aug. 17-22 Ninth International Symposium 
on Earth Tides, New York, N.Y. Sponsors, 
IAQ, IUGG, Columbia Unlv. (J. T. Kuo, 828 
S.W. Mudd, Columbia Unlv., New York, 

NY 10027.) 

Aug. 18-21 Second Biennial Conference 
and Exhibition of the Australian Society of 
Exploration Geophysicists, Adelaide. Soulh 
Australia. (J. Halgh, Conference Chairman, 
P.O. Box 42, Unley, South Australia 5061.) 

Aug. 20-21 Second International Sympo- 
sium on Computer-Aided Seismic Analysis 
and Discrimination, North Dartmouth. 

Mass. Sponsors. Electrical Engineering 
Department, Southeastern Massachusetts 
University, IEEE Computer Society, IEEE 
Acoustics, Speech and Signal Processing 
Society. (C. H. Chen, Electrical Engineer- 
ing Department, Southeastern Massachu- 
setts University, North Dartmouth, MA 

Aua! 24-26 International Symposium on 
Management of Geodetic Date, 
gan, Denmark. Sponsors. IAQ. Danish 

National Committee pi IUGG, Qeodaet Isk 
Instltut. (C. C- Tsehemlng, International 

Symposium Management of Geodetic 

DaterGaodaetlsk Instltut^ajnlehajm Alio 
22, Charlottenlund DK-2920 

Aug. 24-29 Eighth Annual Meeting ot the 
European Geophysical Society, UppaaW. 

, • svteden. (C.*E. Lund, Chairmpn Local Or- 

ganlzing Committee. Institute • 

, , Earth Phyeics, Uppsala University, pox 

tied Surveyors Centenary ‘ 

, . ' ' r London, EriglantJ. - 


Shlmozuru, IAVECEI Symposium on Arc 
Volcanism, Earthquake Research Institute, 
Univ. of Tokyo, Bunkyo-ku, Tokyo 1 13 Ja- 
pan.) 

Aug. 31 -Sept 2 Third International Collo- 
quium on Mars, Pasadena, Calif. Spon- 
sors, NASA, Lunar and Planetary Institute, 
Division of Planetary Sciences of Uib AAS. 
(Conway W. Snyder, Jet Propulsion Labo- 
ratory, Pasadena, CA 91109.) 

Aug. 31-Sept. 5 Symposium on Geodetic 
Networks and Compulations, Munich, 

West Germany. Sponsor, IAG. (Deutsche 
Geodatlsche Kommlsslon, Bsyerlschen 
Akademle der Wissenschaften, Marstall- 
platz 8, D-8000 Munchen 22.) 

Sept. United Nations Symposium on Water 
Management in Industrialized Areas, Lis- 
bon, Portugal. (Chairman of the Executive 
Committee, International Symposium on 
Water Management In Industrial Areas, 
Portuguese Water Resources Association, 
c/o LNEC, Av. do Brasil, 101, 1799 Lisbon, 
Portugal.) 

Sept. 7-12 Third International Symposium 
on Antarctic Glaciology, Columbus, Ohio. 
Sponsors, International Commission on 
Snow and Ice, International Glaclologlcal 
Society. (Institute of Polar Studies, Ohio 
State Unlv., 125 S. Oval Mall, Columbus, 
OH 43210.) 

Sspt. 8-12 American Society of Pholo- 
grammetry-Amerlcan Congress on Survey- 
ing and Mapping Fall Convention, San 
Francisco, Calif. (L. W. Aggers, USGS, 

345 Middlefletd Road, Mail Stop 31, Menlo 
Park, CA 94025.) 

Sept. 13-17 National Water Well Associa- 
tion 33rd Annual Convention and Ground - 
water Technology Education Session, 
Kansas City, Mo. (NWWA, 500 West Wil- 
son Bridge Rd., Worthington, OH 43085.) 

Sept. 16-16 Oceans '81 , Boston, Mass. 
Sponsors, Marine Technology Society, 

IEEE Council of Oceanic Engineering, 

AGU. (R. Nagle, Publicity Manager. Ray- 
theon Company. 141 Spring St., Lexing- 
ton, MA 02173.) 

Sept. 17-18 Midwest Meeting, Minne- 
apolis. Minn. (Meetings. AGU. 2000 Flori- 
da Ave., N.W.. Washington. DC 20009.) 

Sept. 17-18 Pacific North weal Re- 
gional Meeting, Ellensburg, Wash. 

(Bob Benlley. PNAGU. Central Washing- 
ton University. P.O. Box 1000, Department 
ol Geology. Ellensburg, WA 98920 ) 

Sept. 20-22 National Water Well Associa- 
tion 34th Annual Convention and Exposi- 
tion. Atlanta, Ga. (NWWA. 500 West Wil- 
son Bridge Rd.. Worthington, OH 43085.) 

Sept. 28-Ocl. to NATO Advanced Study 
Institute on Chemistry of Ihe Unpolluted 
and Polluted Troposphere. Corfu. Greece. 
(W. Jaeschke, Center of Environmental 
Protection, University of Frankfurt. Roberi- 
Mayer-Str. 11. 6000 Frankfurt/Maln. FRG.) 

Oct. 6-8 International Conference an Time 
Series Methods in Hydrosciences. Burling- 
ton, Ontario. Sponsors, National Water Re- 
search Institute of the Canada Centre for 
Inland Waters and Water-Resources 
Branch ol Ontario's Ministry of Environ- 
ment. (A. El-Shaarawi, Aquatic Physics 
and Systems Division, NWRI, Canada 
Centre for Inland Waters, P.O. Box 5050, 
Burlington, Ontario L7R 4A6 Canada.) 

Oct. 1 1-14 Coastal Society's Seventh An- 
nual Conference, Galveston, Tex. (N. 

West, Coastal Society Conference, De- 
partment ol Geography and Marine Affaire, 
Unlv. ol Rhode Island, Kingston. Rl 
02881.) 

Oct. 11-15 51st Annual International Meet- 
ing of the Society ol Exploration Geophysi- 
cists, Los Angeles, Calif. (William L. Baker, 
Technical Program Chairman, c/o Chevron 
Oil Field Research Co., Box 446, La Ha- 
bra, CA 90631.) 


EOS. vol. 62, no. 21 , May 26, 1981 515 


Oct. 13-15 Filth Geopressured- Geothermal 
Energy Conference, Baton Rouge, La. 
Sponsors, Louisiana Geological Survey, 
Department ol Natural Resources; Energy 
Programs Ofllco, Louisiana Slate Universi- 
ty: U.S. Department ol Energy. (Ann Bach- 
man, Conference Coordinator, Energy Pro- 
grams Office, 105 Hill Memorial, Louisiana 
State Unlv., Baton Rouge, LA 70803.) 

Oct. 13-16 Division of Planetary Sciences 
ol (he American Astronomical Society An- 
nual Meeting, Pittsburgh, Pa. (B. Hapke, 
Dept, of Geology and Planetary Science, 
321 Old Engineering Hall, University of 
Pittsburgh, Pittsburgh, PA 15260.) 

Oct. 14-16 Third .Surveying and Mapping 
Colloquium for the Petroleum Industry, 

Banff, Alberta, Canada. Sponsor, Canadi- 
an Petroleum Association. (Liz Hampton, 
Canadian Petroleum Association, 1500, 

833 Sixlh Ave., S.W., Calgary, Albert a, 
Canada T2P 2Y5.) 

Oct. 22-24 Fourth Conference on the 
Physics ol the Jovian and Saturnian Mag- 
netospheres, Laurel, Md. Sponsor, NASA. 
(S. M. Krimlgls, Applied Physics Labora- 
tory, Johns Hopkins Univ., Laurel, MD 
20610.) 

Oct. 26-30 Symposium on Quaternary 
Land-Sea Migration Bridges and Human 
Occupation of Submerged Coastlines, La 
Jolla, Calif. Sponsors, Quaternary Shore- 
lines Commission ot ihe International 
Union (or Quaternary Research, Scientific 
Committee ol Ihe World Confederation of 
Underwater Activities. (Patricia M. Mas- 
ters, Scdpps Institution ol Oceanography, 
A-OI2, La Jolla. CA 92093.) 

November 1-5 Sixth Btonnial International 
Estuarine Resoarch Conference, Gleneden 
Beach, Oreg. Sponsor. Estuarine Re- 
search Federation. (Jay F. Watson, Trea- 
surer, USFWS Suite 1962, 500 N.E. Mult- 
nomah Street, Portland, OR 92232.) 

Nov. 2-6 International Conference on the 
Venus Experiment, San Francisco Bay 
Area, Calif. Sponsor. NASA. (Dr. Lawrence 
Colin. Ames Research Center. Moffett 
Field. CA 94035.) 

Nov. 9-1 1 Special Conference on tho Me- 
chanical Behavior of Salt, University Park. 
Pa. Sponsor, Rock Mechanics Laboratory, 
Department of Mineral Engineering. Penn- 
sylvania Slate University. (H. Reginald 
Hardy. Jr . Rock Mechanics Laboratory. 
Room 1 1 7, Mineral Sciences Building, 
Pennsylvania Slate University, University 
Park. PA 16802.) 

Nov. 9-20 Second Symposium on Geode- 
sy in Africa, Nairobi, Kenya. Sponsors. 

IAG, IUGG Local Committee of Kenya. 
IUGG Commltleo on Advice to Oavetoninq 
Countries. African Association of Cartogra- 
phy. (R. Omandi, Survey of Kenya. P.O 
Box 30046. Nairobi. Kenya.) 

Nov. 30 -Dec. 1 1 43rd Session of Ihe Inter- 
national Statistical Institute, Buenos Aires, 
Argentina. (Jim R. Wallis, IBM. Research 
Division, Box 216. Yorktown Heights, NY 
10596; or Q. S. Watson. Bernoulli Society 
for Mathematical Statistics and Probability, 
Department of Statistics. Princeton Univ.. 
Princeton, NJ 08544.) 

Dec. 3-5 Topical Conference on Ihe Pro- 
cesses of Planetary Rifting. San Francisco, 
Calif. Sponsor, Lunar and Planetary Insti- 
tute. (Rift Meeting. Projects Office, Lunar 
and Planetary Institute, 3303 NASA Road 
1. Houston, TX 77058.) 

Dec. 7-1 1 AGU Fall Masting, San Fran- 
cisco, Calif. (Meetings, AGU, 2000 Florida 
Ave., N.W., Washington, DC 20009.) 

Dec. 18-19 Annual International Meeting of 
the Working Group on Mediterranean 
OphioUtes, Florence, Italy. (Luigi Becca- 
luva, Islitulo dl Petrografia, Via Gramsci 9, 
43100 Parma, Italy.) 


.i ! , 


Oeodynamlcs Series Volume 1 




Dynamics of 
Plate Interiors 


Editors: A. W. Bally, P. L Bonder. 
T.R. MoGotohln, & R.l. Walcott 


Society of Economic Geologists. \ v/ntnanlrtm I^VTTIDO- 




An Inlerdtoclpllnary Investigation focused on 4 major 
areas of study: 

Instrumental Measurement of the Deformation of 
Plate Interiors 

History and Mechanism of Plateaux Uplift 
Vertical Movements from the Stratigraphic Record 
Quaternary Vertical Movements 

1 This final report of the International Geodynamtcs Project. 

Working Group 7 on Geodynamlos of Plate Inferiors, brings together 
1 a variety of papers dealing with the nature and origin of the 
dynamics ot the more stable regions of the earth. . 

Copubllshed by tho Geological Society of America 
,164 pages / $15.00 Hardbound / 20% member discount 
Orders under 

ba^eaSd ^ American Geophysical Union 

•*** 2000 Florida Avenue. N W- . ' 

< Washington, D.G. 20009 : J ' 

Call 800-424-2488 Toll' ffee 
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1982 

Jan. 1 1-14 Symposium on !ho Understand- 
ing or Hydrologic Processes at Ihe Basin 
Scale, Caracas. Vpnezuoia. Sponsors. 
Untversklati Slntoiv Bolivar . IAHS. i Ignacio 
Rodriguez- 1 lurba. Unlversldad Simdn Boli- 
var, Apartado Postal 80.659, Caracas 
1081, Venezuela.) 

Feb. 8-12 Third Inter national Geo- 
detic Symposium on Satellite 
Doppler Positioning, Las Cruces. N. 
Mex. Sponsors, Oefenso Mapping Agency, 
National Ocean Survey, AQU. (Richard 
Peal. Defense Mapping Agency. Hydro- 
graphk/Topographlc Center, 6500 Brooks 
Lane, N.W., Washington, DC 2Q315.) 

Feb. 16-19 Oosan Sciences! AQU/ 
ASLO (American Society of Limnol- 
ogy and Oceanography) Joint 
Mooting, San Antonio, Tex. (Meetings, 
AQU, 2000 Florida Ave., N.W., Washing- 
ton. DC 20009.) 

Mar. 22-26 Jute mall anal Symposium on 
Hydrothermal Reactions, Yokohama, Ja- 
pan. Sponsor, Tokyo Institute of Technolo- 
gy- (Shigeytiki Sflmlya. Research Labora- 
tory ol Engineering Materials, Tokyo Insti- 
tute of Technology, Nagotsula, Midori. 
Yokohama, 227 Japan.) 

Apr. 11-16 Penrose Conference on Antarc- 
tica, Shenandoah National Park, Va Spon- 
sor, GSA. (Ian W. D. Dnlzell, Lamont-Do- 
harty Geological Observatory, Columbia 
University. PaUsados, NY 10964.) 

April 19-21 Cordkllemn Sec lion, Geological 
Society ot America and Seismologlcnl So- 
ciety of America Annual Mooting, Ana- 
heim. Cotil. (Noll Maloney. Earth Scfonce 
Department, California State Unlv., Full or- 
ton, CA 92034.) 

May 3-7 14th International Liege 
Colloquium on Oooan Hydrodynam- 
ics, Liege, Belgium. Sponsors IAPSO. 
Unosco Marine Sciences Division. EQS, 
Intergovernmental Oceanographic. AGU. 
(Jacques C. J. Nihoul. University ol Ltege, 
Mecdnique des Fluldes Geophysiques- 
Environment, B6- Sari Tllman. B-4000 
Llflgo. Botgium.) 

May 7-20 Gonotnl Mouting oi I AG. Tokyo, 
Japan. (I. Nakagawn. Geophysical Insti- 
tute, Kyoto University, Sakyo-ku, Kyoto 
606 Japan.) 

May 10-12 Fourth International Conference 
on Planning and Management of Waler 
Resources lor Industrial, Agricultural, and 
Urban Use. Marseilles, France. Sponsors. 
Commission Europeenne Mediterranean no 
de Planilication des Eaux (C.E M.P E I, 
Socldre des Eaux de Marseille (S.E.M ). 
the Bureau de Recherche s G6olog(ques el 
Minldres (B.R G.M.), Centre de Formation 
Internationale a la Gestlon des Res- 
sourcos an Eau (CEFIGRE). UNESCO, 
Commission des Communaut&s Euro- 
pdennes. Association des Hydrogdologues 
(AIH). (Secretariat de la Conference. So- 
cials des Eaux de Marseille, 25 rue 
Edouard Delanglade— 1 3006 Marseille, 
France ) 

May 24-June 4 International Solar-Terres- 
irial Physics Symposium, Ottawa, Ontario, 
Canada. (Professor Liu. University of Illi- 
nois. Urbana, 1L 

May 24-June 4 24th Plenary Meeting ol 
COSPAR Ottawa. Ontario, Canada. (Dean 
Kastel. Space Sciences Board. National 
Academy of Sciences, 2101 Constitution 
Ave , N.W., Washington DC 20418.) 

May 25-28 Symposium on the Com- 
poalllon of Nonurban Troposphere, 
Williamsburg, VA. Sponsors. AMS. NASA, 
AGU. (Jack Fishman, Mail Stop 401-8. 
NASA Langley Research Center, Hamp- 
ton, VA 23665.) 

May31-June 4 AQU Spring Meeting, 
Philadelphia, Pa. (Meetings. AGU 2000 
Florida Ave., N.W., Washington, OC 
20009.) 

June 13-17 International Symposium on 
Hydrometeorology, Denver, Colo. Sponsor, 
American Waler Resources Association. 

(A. I Johnson, Woodward-Clyde Consul- 
tarts. 2909 West 7lh Ave.. Denver. CO 
80204.) 

June 15-18 International Conference 
on Rainwater Cistern Systems, 

Honolulu. Hawaii. Sponsors. University of 
Hawaii s Waler Resources Research Con- 
tar. AGU. (Yu-SI Fok, General Conference 
Chairman. Water Resources Research 
Center, Univ. ol Hawaii, 2540 Dole Shoot, 
Honolulu. HI 96822.) 

Juno 27-duly 2 Fifth International Confer- 
ence on Gaochrorotogy, Cosmochronoto- 
gy, and isotope Geology. Ntkko National 
Park, Japan (K. Shibata. Geological Sur- 
veyed Japan. Htgashi 1-1-3, Yatabe. Ibar- 
akP 305 Japan.) 

July 19-50 Scientific Mealing ol !AHS with 
Extraordinary General Assembly, Exeter. 
Uruled Kingdom. (John C. Rodda. Depart- 
ment of the Environment, Water Data Unit, 
Reading Bridge House, Reading RGi 8PS 
. Untied Kingdom.) 

Aug. 2-13 Joint Oceanographic Assembly, 
Halifax. Nova Scotia, Canada. Sponsor, 

■ Scientific Committee on Oceanic Re- 
search. (Leo O'Guinn. National Steering 
Committee for JOA, do Canadian Commit- 
'tee on Oceanography. 240 Sparks St., Ot- 
tawa, Ontario K1A 0E6 Canada.) , 

Aug- 15-21 Fourth International Sympo : 
slum on Antarctic Earth Sciences, Ingle 
Farm, South Australia, Austral* Spoiv . 


sore. Australian Academy of Science. Aus- 
tralian Academy of Technological Sci- 
ences, International Union of Geological 
Sciences, Scientific Committee on Antarc- 
tic Research, Geological Society of Austra- 
lia. Inc., Unlv. of Adelaide. (J. B. Jago, 
South Australian Institute ol Technology, 
P.O. Box 1, Ingle Farm, South Australia. 
Australia 5098.) 

Aug. 1 5-22 international Meeting on Gen- 
eration of Mojor Basalt Types, Reykjavik, 
Iceland. Sponsors, IAVCEI, IAGC. (Basalt 
Meeting, do G. E. Sfgvaldaeon, Nordic. 
Volcanologlcal Institute, 1 01 Reykjavik, 
Iceland.) 

Aug. 1 5-22 IAVCEI and IAGC Joint Meet- 
ing. Reykjavik, Iceland. (G. E. Slgvalda- 
son, Nordic Volcanologlcal Institute, Unlv. 
of Iceland, Geosciences Building, 101 
Reykjavik. Iceland.) 

Aug. 22-28 1 1 ih International Congress on 
Sedfmenlology, Hamilton, Ontario, Cana- 
da. Sponsor, IAS. (IAS Congress 1982, 
Department of Geology, McMaster Univer- 
sity, Hamilton. Ontario LBS 4M1, Canada.) 

Aug. 22-28 Third Ckcum-Paclflc Energy 
and Mineral Resources Conference, Hono- 
lulu, Hawaii. Sponsor, IUGS. (AAPG Con- 
vention Department, P.O. Box 979, Tulsa, 
OK 74101.) 

Aug. 23-27 Ninth Annual Meeting of Ihe 
European Geophysical Society, Leeds, 
United Kingdom. (J. C. B/iden, Department 
of Earth Sciences, University of Leeds, 
Loads LS2 8JT, England.) 

Aug. 23-27 Second Symposium on Applied 
Glaciology, Hanover, N.H. Sponsor, Inter- 
national Glaciology Society. (Secretary 
General, International Glaclofoglcal Socie- 
ty, Lenslleld Road, Cambridge CB2 1ER, 
United Kingdom.) 

Sept. Third International Kimberlite Confer- 
ence, Clermont-Ferrand, France. (Fran- 
colse Boudler, University de Nantes, La- 
boratoire de Tectonophysique, 2 Rue de la 
Houssiniere, 44072 Nantes. France.) 

May or Sept. Scterrtilic Meeting ol IAPSO, 
Halifax. Canada. (E. C. LaFond. LaFond 
Oceanic Consultants, P.O. Box 7325, San 
Diego, CA 92017.) 

Doc. 6-10 AQU Fall Meeting* San Fran- 
cisco, Calll. (Meetings. AGU, 2000 Florida 
Ave., N.W.. Washington, DC 20009.) 

1983 


July 18-23 Fourth International Conference 
on Permafrost. Fairbanks. Alaska. Spon- 
sors. National Academy of Sciences, Stale 
of AJoska. (L- De Goes. Polar Research 
Board, National Academy of Sciences. 

2101 Constitution Ave., N.W.. Washington. 
DC 20418.) 

Aug. 15— 26 18th General Assembly of 
IUGG. Hamburg, Federal Republic ol Ger- 
many. (P. Melchior, Observatoire Royal de 
Belgique. Avenue Cfrculaire 3, B-1180 
Bruxelles, Belgium.) 

Aug. 27 Symposium Commemorating Ihe 
100th Anniversary ol Ihe Mount Krakatau 
Eruption, Jakarta. Indonesia. Sponsor, In- 
donesian Institute of Sciences. (Dldln Sas- 
trapradja. Deputy Chairman lor Natural 
Sciences, LI Pi JL, Teuku Chlk Ditlro 43, 
Jakarta, Indonesia.) 

Sept 12-14 National Water Well Associa- 
tion 35th Annual Convention and Exposi- 
tion, St. Louis. Mo. (NWWA, 500 West Wil- 
son Bridge fld., Worthington, OH 43Q85 1 

Dec. 5-9 AOU Fall Meeting, San Fran- 
cisco, Calif. (Meetings, AGU, 2000 Florida 
Ave., N.W., Washington. DC 20009.) 


FUTURE AQU MEETINGS 
Pall Meetings 

December 7-11, 1981. San Francisco 
December 6-10, 1982. San Francisco 
December 5-9. 1983, San Francisco 

Spring Meetings 

May 31 -June 4, 1982, Philadelphia 


AAPG American Association of Petroleum 
Geologists 

AMS American Meteorological Society 
ASCE Amorican Society ol Chemical Engi- 
neers 

GSA Geological Society ol America 
IAG International Association of Geodesy 
IAGA International Association ol Geomag- 
netism and Aeronomy 
IAHS International Association lor Hydrologi- 
cal Sciences 

IAMAP International Association of Meteorol- 
ogy and Atmospheric Physics 
IAPSO Internationa) Association of Physical 
Sciences of the Ocean 
IASPEI international Association ol Seismol- 
ogy and Physics of Ihe Earth’s Interior 
IAVCEI International Aassodalion ol Volca- 
nology and Chemistry of ifin Earth s Interi- 
or 

IUGS International Union ol Geological Sci- 
ences 

IWRA International Water Resources Assort- i 
alion 

• JJ8A Mneialoglcfit Society of America ; ;• 

• SEG Society ol Exploration Geophysicists 

SEPM .Society of Economic Paleontologists : 
" .and MJneralogbts . ■ , ; , 

...URSi international Union. of R^lo Science. '■ ; 



Separates 


To Order: The order number can be 
found at the end of each abstract; use all 
digits when ordering. 

Coat: $3.50 for the first article and 
SI .00 for each additional article In the 
same order. Payment must accompany 
order. 

Deposit Account: A minimum of 
$10.00 may be placed on deposit with 
AGU for the purchase of separates, ir 
funds are on deposit, the cost of the first 
article Is only $2.00 and $1 .00 for eaoh 
additional article In Ihe same order.. 

Separates will be mailed within 3 
weeks ol journal publication or within 10 
days II ordered after the journal has 
appeared. Separates are available for 
purchase for two years from date ol 
publication. 

Copies ot English translations of arti- 
cles from Russian translation journals 
are available either in unedited form at 
the time of their listing In EOS or In final 
printed form when a journal Is published. 
The charge is $2.00 per Russian page. 


Send your order to; 
American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 


Hydrology 


J 1 I 0 Broului and Mirintltlsn 

UNSTEADY ONZ-DIHENBIOllAL SETTLING Of SUSPENDED 

HMilEXr 

i. bhinotharan, J. 2 . Gulllvai, H. G. Btafin 
(At. Anthony Tails Hydraulic Laboratory, 

Ifni vanity of mnnrqota, Minneapolis. Minns iota 
M 4 MJ 

A eriCillroPBtanal , unsteady numerical Kodtl 

foi tho vertical distribution or suspended 
rcJItront concsntiatkon ond cate of suspended 
ard Inant .'sppsltlrn Ir ahal low vatar stlupj 
uniroinly hog bean .feuelaps-j, Tnc *dvs:Ura/ 
alffuulon aquation la rul«N by a fully Implicit, 
*»F<Y»nUal flnlvo oilloranra achaoo . The con- 
futations air Uhb'.ndlt tonally stable reqoidlesa 
of faolet nuBbei Pa a Vh/D, uha, a V - pat tide 
(all velocity, h ■ depth, irvj p . vertical lur- 
bulent sxrhor coef I Iclonl . The nodal la 
preaenivd, error crlloria for selection of depth 
and lire step* are .jlvcii. A cwpsuson betvoan 
a numerical solution anJ an exact analytical 
fv lull on la divan for an Inal ant anacus in)*c- 
tlcr. A generic study of suspended srdlrem 
ccoccntratlon profUoa aa a function of depth 
jnl vai I cue Peeler runners hj, beon 

nauo and taaulU era jlvan In J. mansion tax. 
qraphloal torn. iBucponried aadlnant. numerical 

VJtar Haaour . Has., Papor lW 0 i 7 Z 


3110 f rollon ind Std (donut ion 

CKANHEl INSTABILITY IN A BMIKO. SAND-BED RIVED 

W I UMf I rlafl 1 ptaanl mM f .a L 1 1 


.. . — e 1 ,1 . " "wiutu, awiu-btu RIVER 

W.L. urof (OepirtMnt of Geojriphy , Arizona State 
University, Tw», Arizona, 85281 ) 

..m 6,1 r a e «itr«l Arizona Is roprtssr- 

Mt We of braided, find -bad rlvars In alluvial 

JIIIS.k !! 1 J ,v * J nh ? r,nt b«lMYlor and 

dastructlvo channel Migration. The 112 -year 

c 0 w<U 1 «is along a portion nf 


V, idt me construcl 

oT locetlonaT praibebllUy tups for win- flow 

aiahii r!' af sl,h ' nt ? hizardoui li 
sUblllty alternate with each other at 3.2 Ian 


j, , <mn men utnur at j .2 kn 

If mi) UitarMH. During the past century, the 
mr.h. lM.lt, of the win flow channel has 

,5 ? f"*»rous changes in 

0 , . s, 1 |n,ntat, ® n UeMnd e 
S" J™ fluctuations In the density of phraato- 
ffli fJP fflv 1 *** *»«>th affect the hydraulics 
of flood flows. Unstable tones of the channel 
lurface of the sedlnentTdL 
^ Mi ar,as d8fls » Phreatophyte 1 

l«iuh hv l Jii* *?"** corr * s M»J to areas con- 
ill 1 « »t~ctures. as 

•all as locations determined by these a > terra 1 
P « fogulrement U 

C U Rlvlr P dn inl'r S** -1 1UCh ai lha * o' uie 
librium lad .? l a et *** w PttoBS or aguJ. 
ahii !?,’ S* u '•hderslood through prob- 
WUh ? n *M“»ptlon of 

2 i 2 "°[ h I c ai JJustiMnt. I nuvlel processes, 
phfeatophytes, braided channels). 

toter kuour . »aa., Papor lV 0 «t 


3125 Olnclololy 

a M D rfIM» ED STUDY OF SN0W ACCUMULATION 
nn?.2 TA ? LE ' SQTQ5 ‘ C CONTENT IN THE 
DOME C (ANTARCTICA! 

J-R.Petll (Laboriiolre de GUeloloale.CNRS 
*.«ue Trba-Cloflraa, JB03I O renoble Cadax 
Franca) J. Jouaal. M . Pourchel and L. Me rllvii 
_ »»»!■'«» *>»va bain uVan In the 

C a . r * a * ,U * ,h « lha va. 

° f 4 ie emulation rat. and ol the auble 
° T,r ,ha ,MI e * nh,r y. Sraka. ob. 
lha act!™ * * Ur * a ve rlabllUy of 

^ ,1 " ** a 0na mr Seals (a , 

«. a l/cm /it (or a mono value u),l tlit/HvA 
* nd ,,s5 

a W “ V In If .It,, 

1 ** d ^ UC * Ul « t •••■ apallal vnrUbUlty h,. 

came* small n a Ian yaar ecala (o « 0. J/ em l 

mtUal^n h.V'r" Ch,n » ,la 01 »»• »"«w .ecu- 
miOallon have him atudlad by vitImi ma.n. ■ 

ft " - 

accujnpUliool wvifv *. ,rU Y °* lha 

^ i 

■ OaaiTkphleal ehanaa. 1 . '.*• - 


at a ten ecala the iioiopic signal i a wa |] rap tl . 
■onlallve of the mean deuterium content ot the 
pracipitallon Thla eniurei that ihe imoaihad 
(tan yaare running mean valuea) dauiarlum 
profile obtained over the Ual IbO year* prtl . 
vldaa a good Indication of lha temperature aa- 
cular I i*nd in lha Dome C araaJSna* mcctnno- 
I all on. liable iaolopai in anew, anoe alntl- 
graphy. radioactive fallout) 

J. Ooophya. Rea., Craon, Paper 1 C 071 S 


3130 UroiWkhrater 

TRANSPORT OK ION-EXCHANGING SOLUTES IN CROUni- 
WATER i niROHATKCiSAPIlIC THEORY AND FIELD SIHJU- 
TfON 

A, Valocehl, B. Street (boparLoent of civil Enjl- 
nearing, Stanford, California 9 A 30 S) aad 
P. Roberta 

Equations describing lho transport of ioa-sa- 
chaaglng aolutoa govumad by local cbealcol aqal- 
llbclia through a aaturocod porous nadion era 
wall esUbltahod Id lho lltoratura, Concentration 
profile* resulting fron tha numerical iplutlH of 
the gsnoral nulct-apaclaa aquations typically 
htbit uouaual and coaqilicatad faaturai, sach as 
oulclple fronts and plateau zonae. Thta paper 
praaants an analytical franauork, band upon tbs 
theory of chroma tography, which panics s priori 
charnccatiaation of certain bay ccocootriclon 
profile feocutoa. Tha coiob atudled Include both 
homovalant and hotsrsvolont oxchanga In binary 
and ternary ayatoiaa. In order to tut U» valid- 
ity, the chromatographic analysis la applied to 
a f laid projact Involving direct Injection of id- 
vancad-traatad municipal offluent Into an aqniler. 
AL 1 of Cho major footuroo obaervod In tha ovatl- 
abla field data are accurately predicted by the 
chromatographic theory. (Grounduatar, lon-ax- 


3130 Omonflwater 

^ COMPARISON OF THE IHCOMPLETE CH 0 LBSXY- 
CONJURATE GRADIENT METHOD WITH THE 
STRONGLY IMPLICIT METHOD AS APPLIED TO 
THE SOLUTION OF TWO-DIMENSIONAL GROUND- 
WATER FLOW EQUATIONS 
L. r . Xulpar (U.S. Caologlcal survo-, 
Huron, South Dakota 5 T 3 5 A) 

This paper cocijuareu t)ie efficiency of 
tha utrongLy Implicit procedure (SIP) 
and tha Incomplete Oho 1 c flky-con juqa te 
grad lane method I 1 CCC) applied to the 
solution of the f lnl to-di f farence aoprox- 
lrantlng aquations for qrourulwatar flow. 
Result! foe flva isotropic two-dimension- 
al test problems nro orosnnted. Throe 
are linear conflncd-aqulfar croblame, and 
two are nonlinear water- table Aquifer 
problems; in all but one of thu test 
problems the aquifer was cons'Jerod to 
be no-.homogenaoua . Doth SIP and ICCG as 
applied to water-table o-imfcr problems 
make use of Iteration i,ernm^tore. Thom 
were varied for each of tho teat problem 
to reduce tho amount or computational 
work needed to find a solution. ICCG *** 
usually substantial 1 v m..ro officiant than 
SIP when applied to thn conf lisa-l-squlfat 
test L-robLomn. For Llio wntgr- table 
aquifer tent problems, SIP and ICCG ror- 
formad aqua 1 lv vol 1 . 

Water Resent . Pen.. K.ip*r IWO/lt 


3130 Oromdwaler 

EFPECI OF Bin: I'N ILUIU n-lV Ft! MIT III TOC* ERACTUIlS 
Paul A. Wuearipoon (Lnwrcnvr u«rk»lc« Labor *torv 
and Departaani ul fUioriali, Kclunto and lllnoral 
Engl near lug, Unlvartlly uf CallfornU, BarKoU,, 
YAlJni 

Laboratory aludlua ..ii fluid flow in alng'* 
fractura* In reel aaiplua up lo * n»t*r In * 1 »« 
auggaat that (hors la a dwllnlic problaa «I 
■cola. Two auc-li atudles have b«»n r» port °d. 
but tha result! dro not cnnnl it onl. Th» »e»°'n|- 
ly contradictory result n any nlaiply be n nanll«»" 
tntlon of tho of foil a of fractura surface rv^b- 
na aa. A table prohlan In .rttmiptlnB «o >»<«*' 
stand tha pl.ynU-n of fluid fl"W In frorluraa H 
that ol uodat «t sliding lho nllacta af aurraca 

roughnoll. Tho invo allgnl I ana that * ,a ""'J" 
•lonad to sttnek thla prnbloo ulli only »• 
possible on rock sanplea tlml ore ouch largat 
than cha convene Ions I alio, 

Oaophya. B««, l.utt., Papor Ll.ObZA 


3130 Orouadvatar 

RTEADY PERIODIC FLOW THROUGH A AECIAHWLA* “•* 
J.H. Knight (Division of KathaMclcs and 
Stotloeiei, CIIRO, P.O. Rex 218, Ltodflold. 

2070 , Australis) 

Por tins toady fraa aurfaea flow through a r«t- 
oagular porous dam, a olapls ralotlos which 
soiuisata a praaoura Incagrol with the eoyoaon 1 
of tha fraa aurfana ia darivad. Tut ttaady 
partedlo aovaaant driven by oaoUlatloR ra,anw *f 
Java la, tha time ovoroga of tha praaiur* lntagroi 
lead* to aa average discharge fowls ehlcb “ • 
ganarolliaLloB of tha DupuLt-Forchbaiaar 
dlacbarg* foraula. for parlodlc fluatueCl®** w 
■rouodwatar in a shallow coastal aquifer i« 
response to tidal oiilllaclona. It lo «how> 
tha equilibrium fraa surface level far fr« 

••a la equal ta tha root aaaa stuaro of th* *“ 
lovol, Indepaiulont of tha validity of !&• 
tapult-Voiahholaar aoevaptlone uead by ThUlP- 
(Croundwstat flow, frao aurfaea, Dopult- 


Forchhatmar theory, tidal effacla). 
Xatar Honour. Rail., Papar 1110*99 


3130 OroundHater ,. an iui 

AXALYSIS Of FLOW THROUGH HETEROGENEOUS BAHD 0 * 
AQUIFERS BY THE JCfflOD OF EHBEOOIN 8 MATRIX. 

PART 1 ; STEADY FLOW _ . . , 1l . 1w „,iiy 

0 ,Dagsn(Schoold of Engineering, Tal-Avlv Unlv*r 7 
Tel -Ay W, Israel) . , r „ 

The jtjt 1 st leal structures of the h)f dr J u l*' L* 
ductlvltv, head gradient, specific dlichirfl* 
head fleldt are analyzed with the aid of J slt 
pi if fed model constating of a collection of 
spherical (In three dimension*) »nd cylin drica l 
(in two dlm*n* 1 on*) blKks of different eo«w_ 
ctlvlty and diameter set at random and Indepen 
dantly In space. Recults of a previous ™ • 
affective conductivity and unbounded 101 ™)™;,' 
(Dagan,l 979 ) are recovered and given * r.***®". 
derivation. ThB Influence of the . 

and nonuntrora average flows are evamlneo ror 
The fir *t tine. The growth of the hwd wrl*ne a . 
with distance From boundary In 
flows is compared with that of Honte-Cario »' 
eulatlons of Smith and Freeze ( 1979 ). 

Hocar Raaour, Rao., Paper 80 U 101 * 


3130 Orouadvatar 

THE STATISTICAL MECHANICAL THEORY 
OT CHQamVtTER PUK . 


or CRournwraR plow , . 

0 . G police (Dttpt. of 8011 and Rwl"?;, ' i 
Ontvaralcy of California, Rlvaralds MM” . ’ . 
9 .-T. Cho 


S.-T. ChO ' , . • 

ths.nacroicople differantial aqbaUona_P ■ ; 

■•■a, lloear wnantum, and en«ray : > ,1 ** e * - 

groundwater ara derived fim-fivat P**»*J[ „ 

hy using lha method! of atmtlacleal 
lha raaultlag smetoapoplc aquation« agrp* v . 

. Chous. derived raoootly co tha bail* P f **. . 

Me Ulrica sod local voliaa avtfaglog, •“■P •' 
In tha un ot anargy bstonca. Tha be lav ► 


Choua. derived raoootly 00 tha baeU 0 * tl ..-,11 

uechanlco sod local voliw avoraglo*. / v* 8 /. v.' 

In tha nata af anargy bstonca. Tha 1 , 

■guatiotia for total and Internal 7” .. 7. 

Rroundwatar ara analysed 1 " datatll lc ~* ; " j. '-Jj - 

shown that the groundwater internal aoargy . : r ,'+' 

la actually a PsctUl apecl/lo lotawl “ y.jsf- 

8 «vl aL.w la. . » Jd .t^..ap ll 97 ' . Jm- - 




EOS, vol. 62, no- 21, May 26, 1981 317 


^ OF THE POISSON OISTRIBUTION 

SmTWR PRECIPITATION 

OP 1 H.MKL (HanflChuaotta In«tltuta of 
r - S ' . Md|., Hiasocbuoatta 02139 USA) 
TiebiwWIf. Bclplt , e lon I* ropTeaantad as 

tqnutl ? !! IStlDinn' Tolsion arrival procost 
• >mon»Hy *tal J* 1|WBl „ n dou variables. 

^ " n ’’ °lh oUar of storrt , ond «o™ depth. 

lt YZ jSs bSS« *i» a '' nuf,l tola, , ls 

!h. contribution of each constituent 
d* 1 }**?' to -, r itnco of tho annual total proclpi- 
. J*"™“*d and Hailing distribution. 

'» v i.i ,sr lit dorlvad by letting oach con- 
6f ib« lotwr «* •” ()| • In huBid cu^tet, 

,rl ^ Ull *mwn i hit tho stons depth variability 
“J’ K HUIW • distribution which I. 

pr ^ ? "iorail I* arid clluaiw*. the mabor of 
Cl# ” and gives a hlghly-.ke-od Jls- 

u’lMlw- *" “ ,os "" cw 1 ,aTai Qb,0rv *' 

Rltor Raoror. Reo-, Papa* 1X02*9 

ugn wrdrolooy: Run-off and streamflow 
tn»TlSrOf THE CONFIDENCE INTERVALS OF THE 
WEST DISTRIBUTION USING ORDER STATISTICS 
8 . Bobte (l/nlwrsltl du Qvibae, INRS-Eau, C.P. 
7500, Sta-For, Qvibae, Canada) P. Boucher 
taint reiulti ihov tha tniaroet of the Uakeby 
distribution to roprosant flood Flows. It t» 
poiiibla to ditonrins In an explicit fashion cha 
distribution of the order lUtlitlcs for the 
Vitcto dlitrlbutlon. The determination of tha 
confidence Intirrali for a given level of an 
sunt of rtura period T Is deduced when the 
Ulthy dlitrlbutlon I* fitted to a sample of size 
I, inn geiMral procedure Ii valid for all es- 
tlutlon eethodi Of the parameters of the Uakeby 
distributee and gives ■ good approximation, 
fctar Rtoour. Raa,, Paper LU0243 


jifcn laaafi «od itreamflow 

isiikation of Emms lctj news for puhfkd 
SIOUOS IUDV 0 IR DESIGN 
I. V. Kiicilt* IDapartmant of gDRlnorriog 
Hiibtoitlti, Tha Untvoralcy, Newcastle upas Tyne, 
Inllood) and J. A. Kowdalay 
A utCbid for tatloattag tba probability af 
un-ttcardance af low ficus for a raaervotr fad 
aicectly by ou« tlvat with additional vuDpsd 
Iadov fro a t accand river (a dticrlbed. The 
ulhod Is bsssd on tho Joint probability 
distribution of on asirooe solus distribution 
rds truncated extreme value distribution. The 
eat I bsisb of tba probebilltiaa of gives low 
Urns are gives by Integrals. Those ore 
nitualfd nu»rlrally for a raoga of low ll.'Wa 
lii Mtloill dally pumping rates. Details aro 
given for the particular «aae of total Inflow 
I, ring a [tires consecutive month period, but 
Us sstbsd canid be uiod for soy duration. 

■Lev flows, raiarvolr. pump ad storage, Joint 
jiolibllllr distribution.) 

Viter Rtsaur. Has., Taper 1WD635 


31(0 tunsff and strosfflfiou 

IKI'XIAL FUND FdfvJUEMCY EST!»L\TIO:l At/D NLTIVRF DFSfCI 
Ml r. Orel* and Erlr F. Wood iDeparrmont of Civil 
Diglnsarlog, Princeton University, Trlncuton, NJ 

Tit si* «( probability uslghtcd aoissnts b»s bssn 
Inxsilgited for lmprovlog astlaaLes of flood ro- 
rurrenca qusstlle events In both gauged and ’jngouqel 
litlu. Psgionsl aatlaates at gauged nltt-a era Id- 
fiorod over oora convsctlonil aeChoJs au. h ns method 
of caatDts and noilmua 1 lie H hood estimation. An In- 
rtsved sstbad far ungaugad baaina le pr ipoioJ uhtcli 
Ui:irporsl«s both probability oelglilad mnnsnt tnch- 
nltus* with nara traditional moan peal flnw estliv 
•l'*. Ths quaatlan of network daalgn In rants of 
r^tst of sits, sod number of yoars of record Is 
(tiisninsd in light of the probability weighted 
bust tt-hnlqusa, (netuorl design, raploii.il flood 
Its 1 'isncy , probability walghcad oomuittai 
Htsr Xtecmi. Has., paper Iw05lb 

HViRvmoU and iircamllow 

MODELS FOR FLOOD LEVEE DESIGN 
'•h. Ttitg irjepi. ol Civil Ergr„ Unlvertnv ol Nev- 
JH. Reno, Nevada) and L. W. Mays (Deparnncttt ol 
ImlEngr., Unlvrrilly ol Texat, Auitln, Teusl. 

twhe detlgfi ol Hood levae tytierot theta are many 
.Atneisrj and variable) with atioclaicd isicer- 
, ’f 1, Ih,, P*P*c preianu model ■ which tyvlem- 
F *n»l» , » lha varloui ijrpei ol uncerralnim In 
« h|*o|ogic oipecr u well as hydraulic osped ol 
. ' “*lnli lo define ihe risk and reliability ol 
-■enap^nj, ilal i c ^ u me dependent rl* 

Bmu| I* >hO" that rM» evel- 
“I ,h * thnple return period method can be 
i, 1 j' , ”’ ,T ' a, * a by 10% lo J0%, depending on Ihe 
4ibibut|on modal uied. Tho rlsk-iafety lac- 
a,a ,t¥3 * n 10 he very leaitilvo lo the 
-imnnu^' probability model adopted, so that 
22** "“W* far rlik onalyali, 

,tu las., Papar 1W0J02 

and stresaTlow 

llmr. !« ET ' WW STRUCTURE AMD TOE DIAHETER-KAO- 
■Wtf 1EUTI0N 

(D, T ,fl “nt of Geognpby, State Ihtivar- 
"S' To,k ■* Buffalo, *U Tconcsak Hall, 

/*“■ T»*k lilW) and C. Sham 
ltfri °*l* nstvsri atructura eta ba dasertbad la 
r . rt , •ibogatlon or coapactlon, using tbs nat- 
trru... I,r ,Bi “IDlcuda. Tha reUtioo 

Alomater and nagnituda la tha 
» 5 a k!, , 1 UJv *'*oc of tha well-known calatlaa- 
•tr* 'w M,n *tream length and drolnaga baaln 
« dscr. . t,r lDCr *"®a "lib magnltuda, but at 
•rut.-, r,t * ** oonwork* are tamplad over ■ 
n . . . *, 1 ' T, ngo. Downotream variations In 
l*i« sn.i^° rt 'truccure reflaec regional goomor- 
Fillw,, i!" 1 ?*' aroalonal history, and apaca- 
"ivror. -r trl !' ll,r,a * °* Alfforent sties. The 
“too i‘Lr , *‘ ar T “*“ l «o*o» Auwn ■ mln- 

.S ! 1 tlni, bm. Largs crtbucarlas pre-empt 
I, a * ad ,,od to be followed downstream 

U-s. 7 ?? - 01 8 “Ii trlbatsrlBS. ta (luvUl 
rl,si ns, u . i f,0B ’ E sol, ’ 8 Lcsl conacralnes, 

“f-riurrli , . taD ' J co rolotlvely mors 

■iron. * * 0nwta wtlh Increasing size Jmm- 
"Wwieaau,. » Mt| p #f , r lWH77 

tii»v tad Lea 

•11115^ HrCK “ lCAL W»I»I.S 0T DRY SLAB AVALANCHE 
•tvlonii ^‘“StWvlsloo of Building Research, 

'«M«it"»!" e wS 0 Ss 11, 3,04 “** c Uh AvwUB ’ 

,T,, *“ta*»»a«!r| Vl 4 “ B 5! ,h °" thal ■t™ *■ ■ 

M, *tlal la acrnln-Mftanlng 

“"««« rata, shear dsfotmat- 
'•"r Initiate* ta a weak 

•• K JP0lbiils»a b ,!I I“° W ■ lah, "valoneBa nil**** 
•ffltlnasi Imai** bo , *tbl* with or without 
BPRnlfleolly, two ca M aro 
,s, lf»te afiti !■*” • iTOfc-iUw disturbance esn 
Wtl u*,, 1 ™ t-tlon ef . .up iut f,ee ta the 
t *»MHJ/£, 1 SIf Va ; aa tha ’*7*1 by . mil- 
or ovan 

^■(•Hlltv - a TOlf propagating shasr 

5 ,k •*« a regional the 

« 1 #a *la|, pi,,t T art *he*r strength 

> -rmT,? 1 * tha Mil fra- 

JJ.fvlaiao sod'tflf** 111 * B*" M ryi *!■* acola 
**10110 to bo ■ffaoto ace dlocuooed 

iSj; tlm kuo " ,,c “ 

" R**,, Rad, Taper 180639 

SUtt • la »WR 

T ? 1 W finite BLaarr 

"TOM®: TRANBP0BT 

0 B 7»t“ teobool rf • 

^ TlT1 ^ * Mlfwai., IrTlllBl . ' 

^IneS'^^lbam, Ivn,»d (father with •' 

formulation to develop 1 ■ 

S" '•* th. f iStTi^J^rithm that ineqr- 
U Ftalte dl rferenoB 

•*»&** >» «0TOta;inS* ,:O,,al 7' 

e 2 -** r a 3TOa«t " tro^weL ralnini- 

ni 1 •• • 

VM TOr, i.. , ' ■ 1 . 

■*■•1 taper B 0 W 690 . • • •' . 


3 lf 3 Boil moisture 

CAMPY TEMPERATURE AS A CROP WATER STRESS 
INDICATOR 

R. D. Jaekaon (II. S. Water Conservation 
laboratory, 4331 E, Broadway ltd., Riotnli. 

Arison. B 5 OA 0 ), S. B. Id.o, R. j. faglnsf, „ d 

P. J. Pinter, Jr. 

Canopy tseparstorea, obtained by infrared 
therwmttry, along with wot- and dry-bulb air 
Cwnparaturaa and on sit lasts of nit radiation 
wet* uitd Is equation! darirod free nsrgy 
balance cone Ida rot Iona to calculate a crop water 
•trial Index (CVSI). Tbaoratlcal Units usrs 
dsuLapsl lor ths tannpy-air tasptrsturs dlf- 
fersnee ss related to ths air vapor preaaura 
deficit, Ths OKI wsa shown to bs squsl tq I - 
R/E,, tbs ratio of actual co potential svspo- 
trsasplrst ion obtslnsd from the Psnosn^lonteUh 
aquation. Four sspsr leanest plots, pleated to 
whsst, received post -mas rgracs trrlgselona it 
different clnas co crosLa dLffetsnt dsgrsas of 
wstsc stress, Fartlaant wsrlablss ware mssaursd 
bowses 1340 sod MOD ssch dip (sscept soma 
weekends). The CWJI, plotted a function or 
LlM, * lately perslUlsd a plot of the esttar- 
tebLe soil water ta Lha O- to l.l-n sone. 

UssfulMis and lLnltstlona of ths lodss are 
discussed. (Hater strata, soil nolsturo, plant 
canopy cemporature. Infrared therooaatry). 

Wheat Maour. Rea., Paper 1 W 0449 

3173 Roll Kaltturs 

STATISTICAL ANALYSIS OF TOE UOOkS-COREV AND TEE 
0 RMN-ANFT PARAMETERS ACROSS SOIL THTVRES 
R. It. HcCuao, V. J. Rawls (USDg-SU, Building 007 , 
RAM -Waal, Baitnville, Maryland 7 D 701 I and 
D. L. Brake finish 

Infiltration Is i najor compontnt of lho hydro- 
logic cycle for most watarahids. Tbsrsfora, It 
is taportaot to htva a estbod that can provide 
Lull lint ion aaiimstas tor soil* within ungagsd 
watsrshsd*. Both ths aaalyals of variance and 
cha multivariata analysis uaia used io rxaslna 
whathsr oat tasted Brooks-Corsy sad Grasn-Aapi 
parhmstsro differ singularly or collsctivoly 
across soil lexsura c lassos. Tha snalysts 
lndtcatsd thst the psrsaaters for ths two module 
•xsalaod varied collocilvaly scion soil tost nro 
classes. Mesa psraastar vsluss sad slsndatd 
errors far sell tsstursv era prosamod (ur 
possible use on ungsgsd wsterahsdi. 

Wator Be sour. Res., Taper iv 04 ?b 

3173 Boll moieturs 

TVD-DIKEH 51 CMAL SOU HD 1 STURE FLOW IN A SLOPING 
RECTANCQLAR REOlONi EXPEB 1 HEKTAL AND HVXFRTCA 1 . 
STITOLES 

J. 1., N labor (Dspsrtnent of Agricultural Engi- 
neering, Taxes A 4 H llnlvarslcy, Collrgo station, 
Tessa 77843 ) sod H. P. Halter 

Results free expor Loams with a notsr by 
O. it aster by 0. ll)8 noter fl<ao fllUd with sand 
are used to study the two -d loons loos 1 flow of 
soil moisture under ths erudition of rainfall In- 
filtration. Tha axptrinntal result* ara cooparsd 
to remits obtained by s nuisarlcsl solution (via 
a Unit* slsnsnt- flail* dlfforaoc* transform*! Ion I 
of the tkO-dLMaslooAl llchird* aq.iatlcn. Thu 
rosulca ara praeanlrd la tha form of I lew Maid 
oondtrlons (hydraulic head dlitrlbutlon and poal- 
tloo of cha phrase It aurfaea) and ih* rising link 
of ths runoff livdrogriph. Th* ovpsrlnsnt.il and 
tho numerical results aro in ontlslsctorv agrae- 
■ont whan Chu offset of cnplllorv kvltaroals Is 
Incorporstud Into thu n.jnorlual sulullun. Whon 
capillary hvstoroals Is Ignored ths nuner le.il lv 
a loulmad hydrograph lag* fur behind tbo ospurl- 
mantallv dorlve.l hvdrogtaph. iSull rolslure 
(low. cnplllarv lMM*C««lal. 

Uaisr Rosour . Nas., Paper lUi )694 


ill) Sell eoialuts 

APPDBT [OSfENT OP NET UCMAFCE. IN LANDFILL COVER ISC 
LAYER INTO SEPARATE CCHP0HENTS OF VERTICAL LEAFAGE 
AND HORIZONTAL SEEPAGE 

John J. Lints (Johns Hopkins University Applied 
Physics Laboratory, Laurel, Maryland 10810, U5AI 
Surplus soil moisture la e eloping lendfUl cov- 
es tag layuc La eppatclaitsd into a verticil lasLsgs 
fraction and • horlsnntal uaspags fraction by ai- 
■ using Virtual llow squsl to the hydraulic con- 
ductivity of Lha wasca and Dsrclen horlsoncel /lev 
through a varying vidlcel croae-saetlen ac a ve- 
locity dataralnad by cha hydraulic conductivity of 

thu cover liver and s gradient nqmi to iba slop* 
of tha Interface batwaso ch« cover laysr and chs 
wests. Tha gov ara lag aquation la eat up by input- 
output analysis, sad differential*! Into chs 
Rautainssq equation, Tha resulting partial dif- 
ferencial equation Is aolvsd by ltaasrlsetlon. A 
solved [user leal asampla Is gives. 

Water Rrsour. Ras., Paper 1V069S 

3180 Warar quality 

NKIAL 10 S CnNCWTRATlOM AiSOCUNQ HIW LATE 
SUMER SEDIMENTS OF THE OHIO RIVER 
H.T. Spaorar (Department of Chemical and Envlron- 
mancsl Englnaaring, 8 p»id Sclaotiflc School, Unl- 
vsrtlty of Louisville, LoulsvUls, Kentucky, USA) 
C.A. Uuthnrt, an* R-S. Colyor 

The floe late swer sadlmsots ol tha HcAlplns 
pool at the Ohio Uvar ere doacrlbid os composed 
of so avenge 3 * by dry weight volatile solid* 
material. TO* volatile solid* coxpwtot was 
found to bo oaooctattd with vlrtnelly * U of tho 
COD, hydrogen, aodlum, potoeitra, aiuntom, osn- 
g snail, sad load. *• wall ss ■ sltalfle *" 1 t° T ~ 
clou of ths carbon, chromium, Itob, copper, sod 
Kind* Kignaslua via found co hivi all of Ld 
acid eolublt compoeenc ssoodeted with n* ««- 
vale till portion of tha sedtaant. The 
thorium end oranfue concentration wet found to ba 

11.0 1 0.8 and 1.4 t 0 .S ug I *, rogpsctlvnly. 

TO. potential nlf.et of this low IW ««- 
■aat on equstlc l«n to euggaatsd. (Hat*l »«“•. 
river sadism ate, Ohio A Ivor). 

Wator Rasavr, Rs*.. T«TW 


31H loltnissots and tvshnlques 
SlXFU IN-8107 DEmmSA^ W NTDgmlC 
COWSCTITETT BY BOHU-TRlCtKIN *8C11F«0HS OF 
DuIRAGE 

Bha-Kong Chong, Rlohard R. G«.s Ol*^ 

Eestltoco ef Tropical Airieulturo and 
tumtcis, and Waist R woo res* Risosrch Contor, 
University of R swell, Hoootalu, Hwsll) an" 

Ll gsuatloaa for calculating hydranllc 
conductivity fuocttoo* K(S KJj* B U 

voluwatrlc water cootsnl usd b I* soil water 
prsisuro head. "srlv * 1 wlrt * a 1 M !?I* tI 
of unit I*d»*u3ta gtodtont* Th * 

IftTfri iwaiar finicLiOQf tO dQiCrthd MllHi 

ri„, rs. ns *.i.. r i,t 'i5 , s. 
'tsrssKLv: 

celootocad conductivity <W tb* test TOlli. -sH 

draiood ok tools which evidence ■ * a ”**jj^ 
oopfaotlvliy with <« p* at HlH WMtl* 
fflydnullc conductivity, 

InflUraclen, drains**, oaloolo, ooU watsr 

Scsr^Resour. Ro*., F “F* r lW)6 ** 

.3190 HvHroioirv - InsttniixanM and tw hnt ’ 

wastthatef m- 

SStoph E. Hu<U anOBlwto for Ad- 

5S2Snt*4 ««o '*• ■ . 

A- 1060 Vienna. Austria 7 

This “ rar Jnd algorithms 

flUruey of —Work won ' > tool in 

that can b« ustd * , "":I i iat*aB .' It Is 

IrrigRtlon mnd 'aligning ° r 

.sown that the »r« 1 *l€» of. eejw . 


eeononiaa of scale. A nunter nf ■•*•/•; to 
sttack such nolels ere dlstusial nni con- 
o*re-j, includinp linear orogrhmins, In- 
«Hor nrograr.-ilnr sn<l sni;[sUv dmojpna J 
•’•« «nd heuristic slpnrlthna, Thu use- 
fulnoss o.* each annrn.s-:h Is eVAluaen -1 In 
Hn " of the valMiyy of tho rOlol , Tho 
connu*.«iofthl cornlnvivv 15 f yhe .lwprlrb-n. 
the nroncrr'os nf r k .o nnlutiin, the 
sva i l ib 1 1 i tv of qn'twar# qn* The canorllC- 
ty for sent 1 tlvirv snsl-'s's. (/intinlza- 
Clon, -urvav irriwetinn, usq-e-ietor) , 
tutor Rosour. Raa., Paper 1 40421 


3199 General or alicsllsaaou* 
nf IRIIGAT1DY ECbUDUUNG PEOBlfH AND 
fVAPOTRANSPIRATEON UNCERTAINTY 
4-2. Rhanslo, R.L. Brsa (Htstvhuestts 
lostftuta of Tschaolagy, Csebrldga, 

Kissschusatt* 021 ) 9 ) 

Scheduling sod dstirnlolng Irrigation water 
applications Is an taper tint consideration given 
Italtad water resources and Increasing concern 
About agricultural productivity, Pest lltetilu(e 
has rapaatodly baas concerned with (ha Inf lusnca 
Of tha variability of actual avayotrAniplxetlon 
on crop irrigation nesde. This unth Investigates 
ths abovs Issua. k nodal, bastd on Stochastic 
Dynsolc Progrs=olng, Is forautoti.) go us tails 
sat benefits frao 1 crop facing uncortaln, 
corn Is tad, ovapai rsnsp I ration dimnnds. Wooklv 
Irrigation drcltlons ara cads aftor obsarvlng 
currant soil oolstur* and available Irrigation 
vet or, as wall at potential avspoc rsnsp 1 ration Sn 
lbs psit walk. Ths nodal Is stnllar to Ih* tra- 
ditional reservoir control algorithm* yopulsr In 
ths surfeco voter lltaraiuro. A cans study 
assopls Indlcalis that although tho coda I ferru- 
latlon is ussful and fasalble. the effect of 
uncertain ovepotrinaplratlon on Irrigation 
parforcancs noasuraa lo sppsr*ntlv minimi 1 . 
(Irrigation, oujpot rsnsp Irst Ion, dynamic 

t rogrammlng) . 

■tor Rostur, Ess., Paper 1H07U 

11M Gcii.ta) or mlvrl lancouv h)dr.<logy 
THE KTH.lT f'F Ml VAT Mil 1NTRY INTO A UiJOID- 
hWWTKD TkO- HUS). t%.vf)lklMAL ICAhbYtilR 
Halculn A. t1i4ni(4pplird Kithres* In blvl <l.'n, 
li&IR, kt 1 119 V.-Illivfr,.|i, Nov Zealand 
thr rlli.t ul Unit vlllii.u.l M Uijpi- l-n 
ln»o a tu.<-[Asar scihrimil lussiv.iir I • 
■vnudrr.'il. fh>- Srorhuir .1 r-’iciv.'l 1 r.trlk Is 
ri'd.-Ilr.l 04 a li.O'.fcii.'ni- puiuut srJIus, ••irf|t 
IhJl fr.iT.irli'q -niwva *!■*» Injfiird IIjIJ 
Plw* fulls Ini* Hu-[|,.,vc flu id. Vl'hJrawal ...f 
lluld ruin 4 pr*SVitr Jr-p. Inju.llvn ol Fluid 
[j«wi * pirsii.ro 1 h 11 .tr Jrp.nJror ..n tho fluid 
oiulMlpI end rale uf In).-. ' noarlv slvan a 
fltlUl* drup Mr . uld 1 1*. Id Injr.T |rl). In 
odjltlon (hr powir dMi.u banco Ire vol ling 
ftioi 'hr [»>lni of lr>)mi lun, .Vro l« 1 
rhansr in 9 i>>ur*H..n w.,r ths injo.ilon join. 

'hat rruvols un vonlcAllr. Vitural jrrtui- 
bs'lonn sitrl.’ Inir.-ducu .old vstrr I"’ ■> a r«i*T- 
>ulr Ih Innrl flok. f.< * at 11 1 no il.«* vu^-yhaw 
liuld bv otnipl'lns tl.r eJsenir .if such In' nivlwn 
A ‘Hbllliy tillorlvn lv drrlved. Thl- is «Vun 
Mbo J|f|. .lril..|| 111 ivflrd by . h.r.VcJ 
i.o-vurov In tricul llrldt. 
utlor Rva.Hir • *•«., fspar IBM 1 


Meteorology 


1704 til villi', 

TINT ilklli irt.'H F-P TPFSP IN TurAL "J' SI 
nrR»i'i(m.'.f: 

P J.-bairti|..‘U->nl'* fWp' . Lvprri- 

rltl.l Mill r.. F I J-. •'."I I* *T UTV S 
. Uilnm.ron. It f.b ■ < t * . . I . 

U 11 f.M V N N\*ft| ir.l * V ’’"-t 

T.-.- tori' » JOil.il* .1 uni l.l . i.-ll.f 'ulll 
"«nno r-jv<.rs n 'i>l* *> " D « vtill"ni mrru*h- 
oul I hr w.-rld sh'ui n -1 ■I.ploi hsi 

ird 41 cheso slsilunt ihrv,,h IS7 1 .. Ihv ir.-oda 
at Ih* Ii via! icns with ro. .rJs Iron l«*»-l*/9 

O-v in i-. ri.-- 1 1 '..n- 

llJ«..r.-' T'< '.-r-i 11 ii» ■ -I tilFl.ni 

with »hori*r d*t* i-toii* '".w is t.'rsg* m- 
FIMI. vl (I DM.to; 1"« *.*»*♦* •: hsagr is 
Ih* sun ol alTling ler-n global lr«Bdl Tbr 

iMlItawi Iron* aro e*lcn«l«4 from tha «*«•»■ 

don arong alaiUm and Include all eflrci* 

[hit differ Irvs ltillra lo llalion A frt»- 
prrhsntivo -vs lust lun of r.oJsl ■fiqui'.i mdiciisd 
that variations in ch* iiatistUil cvihoijlts/ 
have only stall olftris on lha mult* AJIt- 
tion ol 4 noun trsols to Ih* data ibowd trtpli 
kiuld bo JotociiJ 11 proisnt lha utcartitotv 
In t hr observed sversf* Chsago drerosscs with 
«s<h year's new data. It is conclufcJ that 
I doplfllcn hall that hyfolboilird by currant 
stesaphaclc colds at due lo chlorofluoror art :-ns 
ItlC'sl would ba detected Thsis stations pro- 
vlds a good **r1y wstnlog of 10 / depletion thic 
might b* du* to CFC's 
J, Cauphya. Fas., Grvsa, Fspsr 1(0787 

J7I3 Chemical caapoiltlos and cbmalcdl 
laiaractloaa 

ATMDsmUr CARBON DI0XITI AND CHUgUTFUTOM- 
NETOlHESt CGMSIHtt EF1ECTB W STOASONFHOW 
OZONE, TEMPRRATDIR, AND CTWAa TXMFIR4T1JU 
L. I. Call is 0US4 Laaglay Rastarcb Canter, 
gsxptos, Virginia 13181) Hurall Hntatajan 
Tiwdapa^tnt rtlsisa aeenatio* for carbon 
dioxide and ehloroflooroaathanai (CTjClj, CTClj 
•r* wauMd. Tbs eoafclpsd affects 00 strato- 
spbarta Diana anA ivnpncatnr* act *»*oin*4 with 
a cLaa-dipvndaot rod tot tvo-cowiet let- phots - 


chrnlcal srodsl. a atsady-otlta wars lam of tha 
nodal la used ta da tormina aurfaea traperatvra 
■f frets and to eaiabllnh asymptotic iavaia. 
Rtsulln I nJ Irate the following: (L> TO* total 

oianr r lor history Is signlf (canity dtffsrent 
from that due lo |hs chlorof luoromothaaaa aloes 1 
fl) A I"' * I oiono mlnlnum occurs In the upper 
BtratoHphrrs sVaut 43 years liuu ihn prinat 
with a tubseiuror 010 m IikicIi*, then drtllnsi 
inJ < )) 9i rsdy-slato aoiutltp* InJIcaro that 
■ rnposphorlc teeprrature anl water vapor 
Incxcaero, nsiocjalcd with iF'.rcaasd Infrared 
opicltv, cause significant chsogei In trnpo- 
• pfiorlr ozone lrvrlv for 2 a (Oi and 4 w COj 
with end without tbr addition of ch !o*of luoro - 
nrthafleo. (f royosphorlc sites, grsanhoois 
effort, c» 2 ) . 

Geiphya. F.*i, l.stt,, Paper 1L9<04 


3713 Chralcal c-.opoaltlcn and chemical tater- 
■c 1 Iona 

TUI DISTRIBUTION OF CARBON JUJBIIDI AXU OZONE IN 
TOE FIRE TRGPb TFHERX 

V. Ss 1 1st (Has Planck Inst Huts far Chtslitry, 
SaarilrasM II, MS 00 Mains, fsJaial fapubllc of 
Qsrmsny) J, Fl stain 

The tuu-dlaaniloMl d Istr Ibudoae af (€ aed 0; 
is th* fraa tropcapbvta during July and August 
1174 sen dliMtstd. TO* data canflim tba 
piavious rindloga that bolb at ahoaa gaaaa ara 
censldsrably mors sbundaal In tha Hnrahrtn Btnl- 
sphaia, boa ih« dagrac of ths sayvaitiy fa um- 
whit dllfaraoi fio* what had b*an rapnr(ad 
prnlo'isly, aspac tally for 03. Vhan axAmineJ 
•lib raaptet to other avallabla data oat*. Bha 
conclus laa la diawa shat a prohouncsd •••■mil 
a yell exists lor Oi In both haalaphvraa which nap 
b* driven by lha Ubiiy imhmI uycla af tha Oil 
radical. Th* data slw Indicate that CO coacan- 
t rations exhibit olRuif leant variability vflli 
blight In tha Northern Hralophara whersai 
nuthsrn hnltphcrlc conceatratlsos std quits 
Msittal vlth altitude tuqt lu caosa share 
iatnhnlipi.Mlc oachang* of sir may lo 
occur t log. A discussion on ths vertical and 
hoitiantil 11 impel L piutisiM InlnttJ lira 
lbs CO irvl C| M.umuls Id pisnints.1. lha 
observations In ileal* tbit ifcs iaglr.ii bdlwaaa 
JO N s.ii 40 H Is vary s<tlvs pb.ilr'.h ralrd lly. 

1 1 to at this* latitudes whirs the HI Hlirrmrl ■ 

I l-ns asy bn ths blgbvsi during this tiro nf tin 
)<jr, tsi.ultlng In an errs wticrr llm fu drnlfu. - 
lion tuts ar.l the lain ,<f ln-nllr. Il.ijuvphrrl.- 
•iinno prwJuci f..fi twy Bo Ihv |irs(ni , (rart-i, 
Eunnalda, urunr, tiuy.'.iphsi Ir rhrnlvliy.i 

I, Rvophya. P,na., 'it.-.sn, Paper li.tFdb 

TMS Kluctclual Ph.'n<i7<ina 

RAI l.n'V a*i»VL TOAt^RP.MhNTS OF IHK SHAM- I"N 

I’uvCh'rtUTION 

i. N. Wu tun iDcpUttvi't ul Ph'SlLH and Astr.'n'-ay, 
■ful-nciltv - f U',.. dm, Isiail*, Wv>. 820711 nn.J 
bjllu- ■ h-irnn ri’lsur-iont* of clot -Till lun 
. v«< .ml . It !■ •! btry nrd« „alna a ..••ivIIsm '• nJ^nunr . 
th,' tin. ru-ic.ir Jiffnrs Ir.-i >'ih«ri In [hit a luh- 
|..i*|. ul. .iv. i t-j Jr.iw air thruuxh tbw fra '•■•lie' 
l-.t thill kn.-illiia J Wi-ll Im.un on J ,.i.,Hta..t (low 
ui>. ll..' tr-illkra w.r* l.'.,nd n,. .|. . I v ■ .« 

y. n.ihlc • v-.r a iw-> n u pi'rl”J H\l7l-l'in| > In 
■ unlrul 1 m pisul'Mav .Itt.i, rlw .uw pt .flln njn 
-...I. vr-.-ru-r in-1 slv.w onl, .1 inill -I*,- lion In 
, nn.-'inti at |..» rh" Inn .1. ■■illy nulan. 

ll Is 1- - 1 ---.1 ll. it till* .11,- r.-p.m-v . in ncrl- 

l.iiu-l t • -1 ,■• -r I u hi. .-ii or.) .oslil.1- I rots 
> I.-' >*M*r In-.tr.j; :nc* . 

I ..w.-ph-.a '.l«J , r*r« K07 4I 


Jt’i I'--mi |. *. I- 
r ll"-' Ic • 

iAhT*i p\r i.m r.*. ra 

i*.k,.i.*n» i >•* at .ijr.-rlf : t r"- '"'i. 

C ii l*' i 1 I • :>V "H-. .I'.it| 1 «.,I f .fl- •i.irlm .f 

A'- in lb,-l' t, hu»> r-mliAi . I. .t-,t-'4l 

an.l T. V. - '.. I N.sr 

lho |.||-I pr-jvnt • Lho sV'.il and uu it'.'il 
awu)il «srLh rir^ujl.niu rrUi'..«. 

•l.rhnJ fr.n th* n- ll CLr-|l*tv u«t ff Istelltls 
obsnmvAl Ions avail shta In lAts It’l. Th* 
l.*li--» civ .'til.'l Ir.n . .....l'., II 

r.ii'.K 1 y rnr. ral.atlin tuIlM. -!,■*. 

OT.r.uJl. qlotll jvrtJpu m.-iLttml infs-rwl flu* lu 
2J4 w.rs-2, plsr.etaiy sltsto l> O.Jj sf-d th* rat 
flux is a# ri« within caasurerwnt unrarcelnty. 

The annual eye Is of r.st Clue tv *L»o ocuilsd ia 
dncill and Lha covnrved qlaWlly av^rsqei r.sc 
Clus displays an ar.r.usi cycle which is alratlac 
in | had* anl ruinituds ta if.s annual r,ds 
inpeavd by t>» Influvnca of *n earth dLocarcs 
varieties on solar radlaclcn Input Into tha 
ati-OBgr.ci«. A study af th* qvtqrarhlCJl 
dr s’, tit .1 tan uf th* euiual void ability cf tna 
r.st flux rurosla that qscsraLLy graacmr thum 
DTI of this Yuri ability occur a as a result af 
Win svnl ar-l arr.ua 1 cycLvs which nay to forced 
by thu tsiulai virliUait of flic da rllnatlon 
chrc.qtaut tfs year, nvwavsr, the wn ta of 
spsiqy contained In the varlan-a frea year to 
year la larq*. Radiative troaafir nodal 
atajlsclana or th* ubisrvrd Ludgst quantities 
sc tha 'lup-vf-iM-aUsirpuis' arm pranantad 
and ajraa with ohascTatioa at Isaac for tho 
conilly avaraqsd csss. Bl^tflcant dtfftnn:*! 
exist trtvirn t>* prvient surface soUatlcn 
budqet cslculjtlcni to LhztS pravieualy 
sitlutid. TO.* di ffervncaa. largely a fruit 
cf Ur.a excluitc.-, of snhuRcvl ihsoeition In the 
win low regie (8-14 ual ia earlier buiiah 
calculations , picvid* sma '2b W.m'2 cdis 
rodior.t m.-iargy Into thm ocunn in cho tsupica 
chan previously eatimatel. Tha validity of 
tills result vis vwriried uiLng CATC rmTletion 
tcJjvi neaaarer-iAta. 

J. Csopbyx. Rea., Craea, Paper 1CQ608 


>f etr.s,l.|e vt'Ji jloiiru 


The Aurora in Science, 
History and the Arts 


* A definitive work bn the Aurora Borealis 
by Robert Eather 

Us. price *49.00 

* An Invaluable work... . Special memb« price 

. spanning fh«F «»■* o) ptanttotogy l .ad8r and $29.40 

tatffrpianet&ry phytic*, m^aoroloai, gBomagnatlsm, nwyvptosphBric 
^,yslCi8iWiflwhW«yo(Kl8TO ■ . 

* cfothbound • fully illustrated • 106 color plates • 324 pga . 

Ontarfron:^ American Geophysical Union RP5IB0 

• ' 2000 FtertdaAtainup,KW. 

WMhlngum. O.C 2Q004 

cw«TOui>dtr(sooO fTutoba^^ Call Toll Free 800 **424*2488 
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HJ'I Fulda |, . . n 1 4 . 

M-MUi'IfY III- 1*11 ATMl ■■I'lll HI l>l IHteMSH' 
FK'.'M I'.II 1 1 T 1 1- : I -\l ■ I |. \I|,IN ill- < i|’l r.*l 

WiU'i i f • s r i ■ 

r.hi> I fc- r.i.'l IL 1 .',■!/« 1 IMi i i-iir.il- i|{ir li.siiviii- 
r^i.-i w.-.i i;> nu.,1,,1 

V.nh III.' .,1.|,|| ,.r ,r. I. it.., n, 1,4 .ii ail ,|-.|ih>-iM 

lullll-lll, (j. ■■■ .-‘.I „J,7„- ,1 ,|, |.||.) 

I 1 ' - * t|«.i>9il i.i.Iiu^.i ,, ,iu n | 

».i»i Ii rgrl, 41 ifeln'li ll.< , iri ib .| ii> „| lji. i„|,. 
:n*v «3u- ih>- ■■rUMlilv III Ih.- T.irLi. Ill V 

rj l' i ,,u - teriilnllly l. r ih'. |. riml-in* ..ill. c,| 

j iunn i,. 7J,|, hi. f-i-. r. .V-n.- I,, .,| , F .. 


j iiai.rl. i,. Ih,-. hi. (-«-. r. ,l--n.- I,, nuii.i-in.il iF.. h- 

III-* '•( II.C ..ill Ih.lltv ol III.- la>li Iiili-i ihji- ||, III,. 

tjrnMIiit all •,|il>,>ill)r .itilug .ii«.n.|,lk>ih ■ .... <|J . 

t'jrmi fu., rl-.u.lil an, I II... un.l -|l y mj. 

lai i.-.llllnr i 4- I..- ..I? in-l ViJ-ai.n .Jn.i. |i | . |,.,jn.l. 

thll Ih.r OJ-.I Il ium sAwlinglli, ),c IC7I m l H.A7 M |r'. 

In «-l lil i- in II I, n E.. .-ii lmir.,1, Ih H >..« *un I l>,i, 

Ltu.i.jl.Mi l U.iiiun 11*1.-. .11., piolci4l.lv. (.Mi.i.i. 
■pN.-ili. luit-i.liij, ..If f.iil.ir |..n, r ..JJ i ii ■■- lr inil.-f 
lu„ Mling, mi ■ i-1 1 ■ r r- niiir.lv s--l.il ng I, 

Fvi., 'iil'i-h, F 4pi-r I'.ortv 


J770 p-lrtldci and HcruiolJ 

K-i'ffiiSi 55?""™“ ■« 

R F. Pubic he I and q. l. Itel I run 

Dallwn°]r« n f 51™ 91,41 °* er ! fc « Center wtro- 
-r! o, U" 4 " 0 10 ,?S »«• dowwlnd 

r* r ? r ? , J urM “It* I ns truss i ted aircraft- 

conc-entratl-OBi naiured atovo 

frii ,Bfl * 0-3 * l0"*O _l . total pjrEIrlu 

(tn| concentration, I ■ 5 i 10* era" \ 0 ,, jo 

£!f*E er 5 nt i a " , (p f } ‘ * 5 pptti 5 

,P ® 1n,B, * ,Q 7 *nd near 

riS ? l,r ,w,n e ' llM,ar '* source) typical 
i*J lu wr8 . a ! follon*: b, c .,, 0.5 - 

• I®*' “"‘i HI. 10' cr.-» s 0„ lJ l 8Jb; SO.. 

M-IOO tpbi W),. M-100 W b. As 

Sf® ll? 9 .i 9el, u' 1 « ncB "f«r<HI mi found to 
dacreiia to cna-tnird or bna-faurtit of the In l- 

‘"cressas In particle 
*•« K 8 « c *«Iatfon rad*. At the 

i!i£ cane *n tra tt an vn only about 

lue preJkted by the o, and ft) 
m C t? , rf!i!S? S .r i ! all r ‘fMdlMWi rwovaJ of 
F?r JSitaB!!! 1 .!!. « lkBU V Ur *» Indicated. 
t? r I! .if! J«urad to bo realistic 

fur dry urban aaroioh, the absorptlun-ta-bacR- 
lil !i. r " lt ® 1 rea ted w! til Increasing age of 
lj» cluuJ. Therofurs. fionhly foinsd fnlsston 

!n ? Jrn l " a »‘"o sphere 

£* r »w|l4M. it after IQ h tn,i pjun had null 

0>ar rau vrit,ib '> »K-afM 

'-r-'fhj*. ‘■i-i., .-icm, P4|).,[ |f nldj 


J7S0 Inilrx.'nts and Itr.hnlqirtS 

P£P[ ATABlLITT m KEA5UREKHT UWERTAIMSY Of THE 

UHJIEO STATES HETEOPOLOGICAL MCfcETSQNDE 

f. J. schnldlln (Directorate or Applied ScUfica. 

NASA ballope Flight Center, Vjllopa lilind, VA 

73337 USA) 

Rcrote lerpe rat ure neasurtnentl from satellites 
are currently *al I da ted uslnj rocketionde and 
radl.'Suiilc data and other reliable "ground truth" 
data. The rallability of the validation Is 
directly dependent upon hoe veil nraiurennii 
fion all of the techniques represent the atra- 
sphere Past erperlence Indicates that renote 
and in s.Uu rean values usually agree within a 
raw dogmas, tut (hat the Individual observations 
Ply be poorly correlated. It hai been suggested 
that this ray be due to atraiphorlc variability 
uhkn is observed by Ihn rodetsonde and radlo- 
sondn technique but unresolved by the satellite. 
This observed variability, especially whan 
reasurenonis are obtained close In time and 
space. Is of particular concern since this raises 
the question ehether the variability la due to 
natural atmospheric change or arises froa instru- 
mental Instabilities. It Is shown that the US 
rocictsande, the Super Labi DaUionde, provides 
reliable temperature neaiu resents to about 1*C. 

A samp I a of neasurerents obtained close together 
In time Is analyaed to provide this estlnato. It 
Is Important that the Middle Atmosphere (Warn 
(MAP) taie advantage of the rocketsande's raa- 
surmnt capability not only to validate raraol* 
measurenenls but «n obtaining detailed measure- 
ments of localized phenomena f n the middle atm- 
sphere. CAtrrcjpharlc Temparaturo. Stratosphere, 
Precision, Instrurenlltlon) 

J. Ceophye, Rev., Oretn, Papar tC05B6 


J790 ins truants and techniques (meteorology) 

S! IL* sEhSiriuiiif of muFBicAL heather PRtQicnaN 


1»T0 fJirtlilei ST.J aare.vte 

TP* KAfCtAT TarLtOfT 

Cornell Vnlverei- 

' f l * Ui axa V and Jiaea 

.vm.ri’ 1 ,,' “ y * T ‘ 9Mn * M *'«•"« »ha ucclam 
Si * tfm Vlllln « Under csr^r.a 

” c »>™««t*onv i-...d upon 

inJela nf u,, a.atlaiaee lr. the mastlan itN- 

■r«-niy to7—vn t.,Jnli i«i ear«.-.»r.t la I dli- 

«i«'i l r t, as“ f ? J,t “ lth * * :il * W ha,, 

i! _ ■* H?ht ^uim. ar-l th«> B 

; ,i ™ ,, T n r.i J “ i , * i *” •• - -..--r 

fnri,;. .1 ' *- 1 - , «rlr| [iMiHl ty >ti 

il irLl'S; '’ f* rt i«wi" rsu„ 

tullliM. In asilllin u -hr j«j j Jlt 

mS S nr,!” -r li.-v. -a 

J °,I— it 1 ." fn twili-yht, anrviil I 

• -a-rhye. »*«,. || u «, p«„ r uojjj 


to nwmi sinsru whine surface hind 

BATA: A SlNJLATliM STUDY 

H. Cane (SA-1770, Hiisachuietti Institute or 

Techno lagy, C-, -bridge, HA 02139). V.J, Cordone, 

N> IMICP and |. Kaltersta-s 

-.«! e w e *v 0f obf, I v,n 9 TyslM ilculatlon eiperf- 
«nti has been performed to asiess the potential 
impact or marine surface Mind data on nimerlcal 
mat her predie Mon. Care was liken to duplicate 
no ipatial coverage and error character! sties of 
convent lonjl surface, radlosorvlo, ship and air- 
craft reports. fholo observations. Suitably 
degraded to account for ImLruwit and sampling 
orrurs, wore uied In a convontlonal analysis- 
forecast cycle. A series of Mm 72-h roracasts 

HI? !?!!!, rfi! U,, S fields as Ini - 

#!. i S ?r d ! t I rt :. f* 1 * forecast error growth was 

Sff ASiSf ,0 11,41 ,n B ™ ^ltla, “ , nwr - 

Further oiporlmanti slnfjlatej the l Ira- con t ln- 

ill!’' 1 * J ? lM of r * n ‘ ,lB 'jf tonsei marine Sur- 


• ----- unjr.j (urine Sur 

tfwature sounding data In addl- 
t ° iV?* «"»*« lonal data. The wind data 


I’lj hnidri as I an., lola 

h*v«uac;ui nnnuniH heamhijukts at 

&WTH F-U 

Barry A l. Ihakn* (WMA-APl-bNCF., lij Rroadway. 

R Idl-Trr, f-vIbia.M 8SI0II >E I John C Eurlnlat 
A fjji wAvelength crphaUamtwv wa* Icslallr-I 
41 J itn fwl. it acini In Januaiy 13jg „ 0 l-lrr 
I.- 1.-1111, ihr v-lwiri, awruinl siaiirrlnc ... 
rlll.lrut Juilni rh» .uiiral vlolrr ol ISIS. Thr 
w nihlj man inoul li|hi icattralni at Mb nm 
»»v f ir nay va* 1 iJAlo*V‘, ir- invest 
aonthlf wean va| u « e.rr ircuided at aa* Clt'C aia- 
Thi* iBpl.ea a itui mi.u] ana in l .}| nl 
41 >* "f ■ . in iimarai vlih aeec-iol aua 
Brai-iiraenl* at Si-jib Fair atalivn Cinlrnulicn 
r. -In r..n:enlratloni In is is unje taturra 
•nr-tblv nrmi ol 111 ca * in labtuai* ml 10 .o" 1 
in J.l,. 

'-•aplr*. «es. leci., Papa, IL0721 


iMSM* for Vw polnf, 

pl . tf 6y 5 cal torc«-»l er (iASS) 

i t 7h - ‘ewraiuro sounding 

! 4Eofl arr,jr - fr4e do Ia fabricated 
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nonllnosr InvateloD problem Is phyalcsllf accspc- 
sblo uhon th.ae Images agrao with slmulaied Images 
tu within ovpoeted errors or aoaauramtnr. Ths non- 
Llnaar Invc-ielon of optical dsca contamlnstad with 
errors Is shown not lo be ■ difficult problem, bs- 
cauae cha moihc-d of naollneir least square* laplo- 
Eantsd to find a solution la air iciest for the par- 
ticular polynomial equations chat muar ho love nod . 
(Konllmar lent aquarsa, Klragssi. 

J. r-mophya. Res., Graan, Papar 1CG689 


3799 Oeneral or mlacallSBOOus 
KHZ ASPECTS OF THE COOPLlbO BETWEEN RADUTIfH, 
CBDQSTBY AND DVR ATTICS IH THE SI8AT0SPHIKE 
Dsns Is L. Eaitmino (Separtmaar oE Araaipherlc 
Eciancae, Unlvuilcy of Washing ten, Sesttla 98193) 

A mabsr or sichsnlsma Involving lnterictioB 
bsewssa radii tics, photaclndsLry and dynamics 
which asy offset Che (banal cnpoaltleaal or 
dynamical atnicuira of ths auatoaphara an dla- 
cuaaad. Ths affact of coupltag batvasa rsdladva 
transfer, photwhtnlaery, sad ad Faction of ciono 
by stratoiphsclc winds on ths affective role ra- 
tion rate of itopsratura paKtarbatlons Is Illus- 
trated through the ma of four samples. U Is 
shown. Tor the vertical a true tors typical of 
p Isaacs ry waves, Diana fluctustlona act to hsatan 
ths relaxation or tsmperatuta parturhationa In 
the upper atcateaphaca and to slow the relaxation 
In tha lower half of cha at ratoaphars . 

Hart tha couplfng batvasa chemical sources and 
■Inks of o.aae and advactlan of sir by notions 
la dlscwaiad. I simple lagraaglen modal la am- 
ployad and related to rasolta from Eularlan modal 
atudlas. Eopbaila Is placed upon cha larga eddy 
transport! produced at ths transition level be- 
tween dynamical and photechsmtcel control of 
oaosa, and also upon cha naan eiona lmcrasiai 
which addles esc produce In regions where than 
are vharp gradients ln both tha oqullibrlia mans 
nixing ratio and tha relaxation Hu. scale for 
ouna par lurbat loos. 

Finally, tha spatial variations of ths affec- 
tive relaxation rata of ceoparmtura party tbs cions 
an ahovn to ba potantlally Important ln dalaz- 
d In log tha mean itiuotura of tha ocracoapheta 
daring ths winter reaioa. Than apatlnl varU- 
Clons In tha ralaxatlon or tampsraturo perturba- 
tions raault free oicma variations producid both 
by chaalotry and notions. In particular, a ra- 
pid Incraasa In tha affactlve duping rats of 
planetary want betwoam the middle and upper 
atratospharo loads to a rapid Incrosso with 
height of eddy bast transports produced by ths 
coupling b sluetn rad lit Ion and dynamics. Ibis 
In tarn can produce a significant aodlflueion of 

fts^rajass? 


Mineralogy, Petrology, 
and Crystal Chemistry 


421Q Crystal o ha ml u try 

THE CRYSTAL C1IEHI8TRY OP THS URANYL 

SILICATE HINERALB 

F. V. Stohl (Sand la National Laboratar- 
laa, Qrq. 1731, Albuquarqua, NH 871 05) 

Di k. Smith 

Tho uranyl Blllaata nlnorala hava 
boan divided Into thraa group* on tha 
haalm of thair uranium ta ailiaon ratioa. 
Tna 111 group InaludSB uranophanm. bata- 
uranophano, boltuoadile, sodium boltwood- 
15?' . k, *Pf ltB ' ■hlodowsklts, and cupro- 
■klDdowaklto, a ntructura raflnsvwnt of 
* ■5 nlotu " datarmlnatlon of 
noitwoodlta, and praviouaiy raportad 
atructura detarminationa of on it of 
thaae mlnarala Indleato that they an 
rampoaad of uranyl allioaea ohalna mad# 
f^ 9 horod urttnllUB Pentagonal blpyra- 
mldal groups and atllcata tatrohadra 
Tnfll© rhflina h>i» a. a 


----- «*u niAicau caersnodra. 

nS^!w5fi n f,!li? e lhe «"^wsitlon 
I ? 104>, n S “ nd ‘ M oroaalinhed by 


-lllcata Sh -.ETlhS: 

Krartu™ cationa in ths 

ntructura. Tho uranyl minerals with ■ 

Siu. t L’ 1 L 1 f° n f 8ti0 ot 1*3 include 
vnakslta and halweelte, a partial 

?w 0 Hfc r ° analyal " oC wanknlto auggaats 

a ^ ruotu ™ ty P« *or this group 

SE!i!£ ►H*.!™"*! Hlllcate chains, P 

alnilar to those found In the lil group 
that are croaalinked by tha additional 
silicate tatrahadra in ths atructu™ 

Tha uranyl nlnsral group with a uranium 

Ma-SiS.J'WSys „ 

mmm 

*». Kinaralaglst, M, 5-6 


JiZlftOrvatal ohealstn 

.HE 10* PHASE- a The eYSTiM HO-SiOj-HnO 

SSS® 

iliillpi: 

tains additional chralJall*!taia* f «!!i C, s b ? 1 
raordluted alias ( 1 HaO 

Ibo results of Inrlvad J- 

Indlcsie that 1 ho “ aWp , 

oumiua Iona ( a30 ») *■ «*pr»aooted as 

12-robrdlaatad iBtarlwH^HS the 

Uln -Uh car- 

lo the relation! ^ hx4rWQrl *”“?■ oooordlng 
or 8 ^ • W - BjjQ* ♦ q 2 - 


lH.nl Jill.. VI_ tv" 


7h» iraasnce 


in . 

9-35A for ths with 

VJ*!: 't-in f SK a S 5 ^^ 2 , S! n “ ,i oo 1 ) 


ilS 1 * 1 

IJA 1 rosulta in s 


“F ‘ole. It .bn ,d Ml) 

l*e« the 12-cnordinar!d ^™ nfor bODii '« ho- 

alll'str nstwork vvi.v igneous ipvciwB u g t.bv 

««* ^ lhe hl *° 
oiyaiuilu hydrate* Altta^ " 1 «“™ to ott, r 
•tptlur, or thi. ^,, ^°^ h ’ P«Io-sd 
J™ tho loi £!* if that nr a 


■hyllcsUfoatv, kJ^SLS!?* 10A 


A7f0 DHCrlpt Ih 

Ssnasg&pw-t 

y **t._.wroniiB “^o. tculowstohe hatiiUim. 
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layered wltn pumiceous turf from 10 ; i. „ , 
and rhyolitic lavas of the Elephant Lr? f! -7 ** 
tha Control Plateau Nesoar and ina wlt?! 7I .°* ° r 

SrJV^O P,e, “° CBn6 Rh^ te fro* 

31.7 to 157.4 oi, Kydroihormsl oltorolian*.. 
porvotive In most of the nearly cnnti- 1 
core Rhyolitic gl.„ bg^fij 225C" «« 
lored to cloy and ieollto mlnersl* ^ 

haul and He, cMnopUlohte, rardenlte 
11 Ionite, rnUeil- layer 1 1 1 1 te-mon Lmnr n 
and 11 lie*) 1*. addition to quartz and”“ teia 
Numerous veins, vugs, and fracture, In tha J*" 
contain these and olher mineral,:,",^ 8 “J 
als (opal, 8-cristot.aliie, -cplstow 2 i^T" 

« 0Mt « l««letae, wSlra ui M 
dachUrdlle, laumonlUe, Jnd yugawaralUal 
carbonates (cal tile and slflerlte) clav lv!„u 
It* and chlorite), oaldas (hem^lto? JJ, 
manganic,, cryptimalan,, pyroluslt, 

sswaa5 r (B?* r,nB8 

™» 1 8, }*! nct l ?P“ Iharoial water arj r e ,„! 
sib la for precipitation of the surfltlal d™j7 e . 
and furlnar that tho water regime has ilte^tM 
botweon me Iw the^l water? more th!n o«J 
J 9 ** «• end th f Plnslale Glaciation 
( 10.000 years B.P.). Alternation of zones of 
cdlciun^rlch and sodiun- and pota%iiim. r ich hu 
dro thermal minora Is also suggests that the water 

“*7 »»» dr '" fiRfa varies “tS LJm 

(Ye owslone, hydrothermal a Iteration, clay! 

An. Mineralogist, 65, 5-6 




JUnSm ™ 1 " 6 ™ ,M muK w * 
ffiffioi: S^SS)'” 1 -”” “*■ s «" '»«*. 

Parti tlon coefficients (oJ/t . rl/rk. ^ erl 


Parti tlon coofflclsnts (D^ . vdiara 

Ii tha concentration of element"! In phesu i 
end b) ftr Ce, 5*. and Tm batMem garnit, elliw- 

E yro*ena, orthopyroxene, olivine, and wit have 
Ben determined at 35 kbar for 2.3, 8, 20, and 

rhnM l, 2?r 0, k 8 S ,rMt 1h ! rWl,t * ^l, wlU 
cnonorltlc REE abunoancBi. Partition coeffl- 


clonts Incraaio a, the dagroo of partial railing 
Increases. From 2.3 to BS melting, this Increase 


a. q 7 ■ UIIB IlltrM 

la largely a cojiitquBnci of non-H mr's lav bs- 
havior of REE In minerals. At nit percentagis 
29S, changing tompsrature and melt coraosltlon, 
m wall as non-Henry's law behavior, also In- 




3M melt BAy bo up to 100* Tor son minerals and 
hee. and ths assumption made In patrogMiatle 
modeling of constant partition coefficients Is 
therefore questioned. 

Experimental ly determined ree abundances In the 
2.3 and 81 nits can ba adequately radelad with 
an equilibrium partial molting modal and a call- 
ins reaction, determined by Hysen (1977a), In tha 
system Ci0-Hg0-Al 2 0 3 -510 2 : 
garnet * 0.67 dtopslda + 0.14 enstatltesO.a 
fori tori te * 1.61 liquid. 

REE abundances cannot be calculated at higher 
percentages of melting because the railing 
reaction Is not known. 

The LIU-E enrichment In the 2.3S melt Is 22 
tins chondrltlc abundance , and this rale has 
cnondrlte- normal 1 zed Ce/Tn ■ 4.18. The gsnera- 
tlon of REE abundances typical of most alkali 
basalts (Co enrichment 40-200 and Ce/Tm 2-15) is 
not possible even by low percentages of partial 
malting of a garnet lharznltte unless the 
material his been enriched in LRIE relative to 
chondrites. 

Am. Hinerelogist, 56, 3-4 


*230 Fxnerirt.nl il mlnerjl.-yv and |«in>l«rv 
PHASE WIATlhNX OP TUNGSTATF. MINrMI.S P8M FYr* n - 
HTERKAL WpiTK'HH 

L. C. Hau (Neva, In Buronu of HInc»-Csolo?v anJ 
Dept, of neologlrnl lr|pn«g, Mnckav p.-ho«! of 
Minos, Unicorn I tv of Nova-Jo , Ri-nn, HV A^SS? 

The blnatv pIuhc relailrno uf acvtral naturallv 
occurnor iimparnl o nlrw-rnln, vf tho ycnoral f«m 
H zl W0 4 , wore Inveatlpntcd I|V jr.-tPiamnl Iv st fluid 
Prtmaure of | .(1 Lhnr and (oomornLursa of ADp’C to 

owr,-. a conn 1u co solid snl.it l on, with tsireffir 
"1 Bvarntry, balwt-r-n achoollle th**wCa) onH scol- 
■Ho fPh) fores ahovL- 73?C. Tho oolvne is al- 
most srnutrlcnl will, a iroei nosr Csi5rbS5. Son- 
■uirclnlce (FnWO/.l farm a coi-Ploc,- solid solution 
or noaacllnlc nvmu<trv ulch both Tertifriec (FtWJ 
■nd husbnarltu <[inW0 A J dawn io at losit AhP*C. 

Tha Inurolanor niioelnya of Lhimn solid aalutlon* 
Vhrv linearly with cnmooslilon. No I Id solution 
In vocy llnl lad hotwoan monor lfnlc ond catrsyonsl 
tungsestss, |ji* n than S rinli- 1 nlsrihtUty of 
onw in tho uthor (a oSsurvod nl ruaorrsiuras up 
to qnrd Ci 

It nopoaro ihoi the solid imlutirn aeon t chess 
Lunpatato rlnornla !■ nrrsrtad atronflv hr both 
th« avsllshllltv nml onvli-mnont of the plruciur*! 
altea Tor apaclflc dlvalanr cations. Ev*n whirs 
structural 11ml cations prrnlt ostsnslvs suhnliu- 
tlon, physicochanlcal rhaxactcrlaelrl of olsxonc* 
such as Fn and Ph tnnv still real rice ths occur- 
rence of an I Id solution In nature . ITunjltata 
Mineral,, hydrothermal phsso cqulllhrls. solid 

solution), 

Am. Hinerelogist, 66, 3-4 


*230 Espsrlaanial ainarllogy and patxology 
Himi-PE£SSUSE STABILITY AND THERHODYMAHIC 
PR0PE8TIES OF CoSlO,. Seevtn R. Bohlsn sod A. L. 
Boettcher (Inatituto ol Biophysics and FlanatstF 
Physics snd Department of Barth and Sp*« 
Scisncss, Untvsrsixy of California, Los Angsl«*( 
California 90024). 


-aiiiornis VUDZS). 

Ms dstainlnsd tba stability ef CoSIO* rel«l»* 

w Ca a 810 a 481D, with xsvaiaad expaxiosnu in • 
p in top -ay 1 index apparatus. Our data st 1023, 
1173, IJJJ, mg 1473 g indlcata ioiisbllity Of 


• 1444, ina 14/y a indicate iuihuw - 

GoBiOf balow 17.2, 1S.D, 19.1, and 20.4 Ebsri. 

4° in sod 4Ht„ (from oxldsa) calcolatsd fxen o“* 

data betwsan 900 and 1500 x are -12.5U-2 M ■“ 
-B.0±0.1 fcj, raapaeclvsly. Tha dP/dt aldpte « 
phaaa txaniforaatloos in Pe-bearlog *yot*“* * n 
planetary interiors chat scs iatarrsd fttm » 
analoguat uy ba Incorrect. (TTiaraodynanle prep- 
• r LIe»i blgh-pxnnaurn phaasa, expariasntal nln* 

era logy.) 

U sophy a , Us. Lstt., Papar ILOS07 


*230 EnperlMBtsl mineralogy and patxology „ lU . 
wnirriAL rat deochenical bxpkrihdi7S-im 
TSBTS (including rangax af atreasas, pore Fluid pi 
■nxaa and coaposlllons, and caraora cures) R- J- ■ 
vidala (Los Alamo* Nil Iona I Laboratory, 8r«P C ' (I ' 11 
ns 3!4, Lo* Alamos, Rev Haxlce 87543, IB*7 , .... 

Oaachemicsl prohlam. that would bansfll frv» IfJ 
scale experinents locludoi I) the dalatmla*ll° n 01 
Iba phyalcal proper Lie* of the many rerao* rc [ ** 
teal are cfaaaically homagsneou* on lhe scale ol - 
5-100 cm but not on a acala of 15 cm, 21 «*• ■‘«F 
Of tha influence of reck textures and cnn* ,,t *J' 

■nd of the chemistry of tha pore aolullw CO »‘J r ■ 
corrosion cracking, and 31 the aludy of chralwj 
transport wilbln gradims in taaperatare. ehrajre : 
potentiate aod el rail. The ultimate goal «* • ’ l#p - 
wal l-choiao large arale studlea should b* Uw “ f ** 
aent a* _ 1 *. 


nent of prsdlctl va modete. 
Oasphya. Sea. Lett., Papar 1L0733 


*230 Klnaral eocurtencaa asd dspoalta 
T8E dtTSTAL STRUCTTOR OT A HEECAH AXINlTt 
J- Bteveo Svinosa Oiatarlala Scieoea Lihora- 
terlao, Oepartaant of Chemical Engineering. 
Jha Vpivsrslty of TMaa at Auatin, Auatte, 
™**J *8712) Hugo St si of Ink. b.K. tsndao- 

DlaaMlroa **4 8. Euclso do 1a Vega 

A n * v oeoorrsoca of axlnlta aod ita ehaaleai 
*»PoMttob la raportad. A thrSe-dtMU* 100 * 1 
*”rej dlf freotion atrueturs ana ly a la was 


SB o-oro.. The . 

F« Iona ocoepy tHa dlaioktad, "Fa" ocUted 1-41 
ei ,5 ^ <md -dtetanesa add oagias are 


uoohasgad from (hoes reported by •* * ‘ 

JMdBlu « al. (1974). (Crystal etrwetura. 

Kreicaq, SjfiT.p). '• Jj;; ' -- J 


BW— 

“SJSnM-FMJXW* BAT BQt. ITS IH lOWIMBTSW 

e, e*u*n*k> IU,9. Oaoloelosl turviy, 

Sate Farkrcallfornls, »«»»» »™nso Ilhlhara 
St**s» *■ « kln 

Wiosraphlo daaorlptlona and alaotxon mlOro- 

.J^aTnalr*** o f Presented for 35 

lUcteaiia fiM olwssn “ ass^na the 

iTHluloB Bsgnatlta-sarlas to llma.lta- 
' arsaltolda alone two trsnsaota aecoas tho 

Critae* 0,,1 ' ri ^ <OM,>a ,m,f fc " *“ thol,th "* 
^LMtetsre Japan. Hsgularltlaa in ohsalcal 
“^Tui«. of anphltotea, btettt.s, sad f.U- 
7vT MW ,.t that fundaaantslly similar pro- 
prod 48.1 the m^u thse formsd tha two 
arias. Content or daoreasinu P«/(ra*Ng) for 
MotltM and saphlbotes with inoraaslng host-rook 
,II|M Bom.nl, coupled with thm abiansa of 
. .y-farwad nagnstito and sphans, suggait that 
■jiMLIts-ssrtss rocks say have baoooa nldtaad 
djrlM orfSiBlIlMblra near fchs lawol of intxo- 
■ICB, throueh ths prooasiai of saoond-boillng and 
differential tea* ot hydrogen. Igrenltsi. maflo 
alllcttsl. MotitOBr aaphiholaal 

. c“,hya. Has.. H«l, P*P« W0705 
t2i0 Pwoganmll, pslreflrophy, end pehogsnstl, 

CALS) ON I AN PLUTONISM IN 8RITAIN> 

A SUMMARY 

G.C. Srov-n (Oqxrhnent of Ear Hi Sclanca, The Open 
U»l««Ily, MI lien Koynei, MK7 6AA, UK) J. Caaidy, 
C.A. Lxke, J.A. Plant ond P.8. Slnpion 
The Galafaslan granll* of Britain era a wide-ranging 
iiileol pro- «d poil- loctanle tomallte-gronodlerlla- 
ganlle Inhuilom which were snplaeod In lhe Hme int- 
•«al 650-380 Ma ago. The volume of mogmalle prad- 
ueh orJ lhe frsquiney of Inlruiloni Ineroosed with time 
a c kauri ol dia lapelui ocean occurred ocroii lhe Col- 
sjonlde ball In Ihs British Islet. Etrly pre-lectanlc 
patl-leetanlc Inhuilom (olds than about 410 Mo) 
a* dliilngulihad From 0 Inter (poit-410 Ma) group uilng 
gm^iyilccl (yovlty, avomagnetlc and heat producllon) 
md gaochmslcal data. Tha evidence (1 Inlvprstad in 
laacf a hand vrfth tins from relatively local thmal 
end auti-damlnaled milting wsnfc to o final widespread 
pairing avenl ol diaper lovsli. Ths lallv event pred- 
ucsd ebundsnl Inkuilam with chmoctvlillc* that rei- 
«i*Ib H<s calc-alkallna balhalllhi af modsn dahuellva 
marglw. Finally, wa propose that cruilal (yowih during 
llim Caledonlmi period took place by nerlhwtrdi accret- 
ion el ihs hrapevi continental Feral and and by vertical 
accretion 0 < lbs conllnsntal cruil on bolh margin* by 
wdapFatlng and by lalw Inhuilve mapnoHim. 

). Gtopht*. Fee. , Red, Paper 1B0704 

13*0 PlrdKnesii, petrography, and pa Iro.cn mu 
GEOIWE iUSoslETRY AND KINETICS IN A TWO- 
SPTNEL PtRlUOTITE NODULE, COLORADO 
PLATEAU 

Dhjjll* Smith (Department of Geological Science*, 
ISwanur ol Texa* at Autun, Austin, Texet 7 87 1 21 
Old UjdiMl P. Roden, 

ComptaiiKjnj and zoning ol minerals in s ivo- 
iJKifl pcridsllts Irom minute in the Nava|o volcanic 
lirid an tha Colorado Pisissu provide unuiual 
opporHsuliei u compare geothermometers si low 
"UdHe Hmperiiira and lo aludy equilibration rale*. 

™e wnolith contain* pleonaire 

IU *.)) F *.a J AI I.57 Pe , IO 1 "' . 25°a 7 8,1,1 ™8 nctKe 

, WV l .« F8 U3 Cr .32 Tl ^ 0 B> reisiao by 
P*r*jk exsolulion, lozoiher with olivine CPo*JJ, 
Klhopyioicfli (3.3% Alii) 3), and dlnopyroxene. Doth 
r»>ipjnal oquilihris and sevaral olivine-pleonaste 
IMJhernomalari indicate equilibration near or below 
Confirming the general accuracy and continued 
rquliBraiion ol iheie goolhermomeiari ai low 
ttmpeniivai. Calculated ollvme-magnetlle 
ttfflprrauru ora much 100 high. Two- pyroxene 

tonparjlure* are near MD*C. 

OLnni Ii zoned m Cs, Fe. and Mg within 30 micro- 
™*n ol uuiel by exchange with local grain 
Gradient* al pleonasle-magnelita 
ir k bv multicomponent diffusion 

by muieitei elfactl include Highi 
difluwon of Cr. Effective binary diffusion 
liaenii near 1I00 B C, eill maled bv com par non 

rnh gradient* in olivine, are near IO -1 cm^/itc (or 
41 in migieiite snd io" cmViec (or AL in pleonaiiei 
nl H| valu ® u m ,ha range. 

» ,IIW mhr ’* 1 between pludcing of ite Indunon 
« 1 Tin. lie aabdibcaiion 1* calculated as aboui 60 

UM, , i™ enl ^I? ,enl * ,lh «™» calculated 

iraiffj? i? wtonl * n vlscoxity for lhe minelte 
,.7^ ‘ 7* “mperatura* calculated lor olivine- 
ialV ^i" 18 *he low temperature* m lhe 

^ Col «-ado Mateau interred from 
in nearby dlatrem* o( 
H U—nc miaobraccia. (Dilluiion, 
’r™. S*a thermometry, mine tie). 

b - H1 «reloglet, 66, J-4 

PmilcrBxa^i'iJ P ,trt, 8™phy, and patrogansaia 

mdCaiJis 0P SOMITES AND perldotites prow 
B WE UZffreRM AND LIGURIAN ALPS 
ralwi.u* 1 | h Pt- of Earth sad 5pacl Bcleneu, 
telly at California, Ua Angelas, CA 90024) 

*»4 •cloalt.i of tha 

u | lni *! , 4|“rt«n Alpa have basn Invsatlgaced 
.1 — - ° ( th " lr otaerol aiaaeblagea, major 
clBai«rT “^retbioiia, and bulk- rock BEE 
l‘rn«lfl •*.!““ terelBtrtes, Except for tho 
*»«, jh lB “ **P°*o ,i *t *lP« 

«rthJ, \k I,d P ,r *dotit#o are aplnol Iher- 
Umi J” parldotitea show light BEE dapte- 
t» ih, hydrous sits rat inn, 

^•pliteir fusion of a new 

PWtehl!!!^ a * ,rT!Ft “bearing procoUth, 
aliiidy th * ••tetonee of maatle 

■b-l-tte JT 1 !" r-l8t ‘« « prlmordlol BEE 
Uilt B,. ■ _, clo tI clc rocka are choloiltLC i*i 
Hat to tsiaMM** 61 *Ff iolt tea , but ihow appo- 
10 ° r lton< rad 

BbtqBiious lorel ■“ rieta « t du F*"8 porvsaa 
•"•atklat fselre **“* retro 8««,*»on to 
^ **““bI« SM j howevar thll 
'« refloec tho proauca ef 

7iir*m8r B —J **** ,tln i lltbologloo, a Tl-ridi 
I 4,lBUl I*rrhir»n. ■ ,tcb ‘raeogobbto. alloying 
F’llnwlsg *.» n8d saobottwiotaro, tho 

*'»««! of B, 4 ,0r . Eh " l8 * E rasquLlI- 

"Bkmsdi *nd mafic units have been 

ferldsu.. . “ Imi * LP “ B p teTB 
FUaro 

'■leuee!, ,0a * c 'LB W> 

•‘Idlu.M 915 c 13 kb 

LwiB «5 *c ns kb 

»■ litoH, NWC «12 kb 

'■ uSSt . U0Q ' C 'L3 kb 

^AUte (no..) l0D0 ‘ c ^ 

Nlidotij Mrrfl MJIHE PUTE 

J’FrSjr 

2*re4lt 93D*C 40 kb 

J.MWl 'SSI 6 (1 ° 

UlSgltsi “M e do kb) 

, I re Ariel 

hum 9 ®»*C (40 kb) 

!■ l >|urt. 323*C iio kb 

*» ,r B|ri4* 41J*C >lo kb 

'b* nf * oisriv .If*!" 8,8 tetorp rated la 
II* ,tns er mial 1 L~i* h I tI ° a * c,nt towards 
, F**- tawutsrn Li«* f° r 811 l nva *tlgac*d rock 

sll?** 1 184 in Mrir!? 1 !* 8,1,1 th8 vl c l0 lty of 
‘hi. th. north Alpteo ■ 

*m - ^ "F reFIeet buoyant 

M«? rd ”**<«.! #f ,oue hword aS 

lu d F*rlf se i. i—j 0 *? 8 ^ ** c cLona + aeepan- 
te " lE y? 1 - 18 * 1 d-rtei lire 

° r Aram'u T * th F*- ft*;™- , 

ssr\ 

eCT" -^“1 

■ 1 r,,B Hlt l 66,.5_ 6 
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Park, California 94W5. U.3.A.I E. D. Quant 

ana J. a. 0'Kotl unoiii. 

Oarn.wwo-Bios granltsa of Aireiale (I6D ± 3 
■ F-i and Crstioeou* (84 * l.j i-r .) 
intrudi oophlbollis faelao Mtaasdlm.nt.rx 
raoke of Frssaotrian sg. and Io«r V.i.erate 
■idteHtary rooka in tba no rt barn pint, or. ths 
«‘«h initial *ar/ a *£ 
and high valu. a of * i! Q for mlnarala iou**t * 
dretnafllly MdUsatary aauroa ftw tha maoaaa 
Toial rara-aarlh oBstenLa are low and leai 
fraottBaated (C* /Tb_*10) than graaltla rooks 
of stellar oempoAtlA in iba Slwra i.vada ana 
■bow ■ nogatlv* Bu anawly (Ed/Iu',o, 57) 
Tbiao data ara sonatetent wltn **Utn| Ln th* 
alablllty fiald of plagtoolus nun uttla 

Stearate"' 1 "^ t0 " ,U fro * rafraotory 
■Its rail iuflh aa ilroon, aphui, and apatila. 
Klnar luhadral gunati ara ■uginaii-rloh are 

■stamBrpbla rraa, ina show an lnursus in 
augaasse and a dsarsaaa la sslaiim in the 
outer fsw nterona. Prsoiloniiloa or 
•asnaalla- iron bilwain garnit and bloclli, are 
or ■odlum-pataaaLiim batwaon K-faldapar and 
pliglooiaaa in tbs graaltaa auggiit sukaagucig 
■vyibi-.liM tnpMtai-M, lB tba rang, of 
905 c - wkareaa oxygan laotepa 
aqulllb-atlui tsapsrstersa for two grinltaa are 
blghar at 410 and 57Q B C. Tha OBupoiltlona of 
tba granltsa plot near ninlnua melting 
enaponttOBB in Cha vstar-aslurstsd qusrta- 
alblta-orthoalBaa ayatea. CoaparUloa of 

■uauovlte plus quart! stability, ths 

■ater-iitiirited granlta solidus, and 

sxpsrlainial garaat-aalt equilibria auggaat 
praaauraa of oryatall list Ion no lowar than 
about J.5 Icbar. Ibis praaaura la GompiLlbla 
■Uh tbit aatimated nrea ramat-plagloulaaa- 
a I II teas Lta-quarti equilibria fBr th* intruded 
aataiadlasnlary rooks . (Qioabrnnology. 

Isotop**, grsnlLs). 

J. Haophys, Us*., Rod, Paper l SOS34 

4270 Properties of mlnsrali 
VISCOSITIES IK THE SYSTEM ALB I TE-ANDEIW 1TE 
D. Cranmer and D. R. (Jb Ioann (KaaischuaeLi* 
Inatltota of Technology, Csabrldga, KA 02139 

Vlncoiltlas of several compoifLIina ln tha 
slblLa-morLhlts iyatsa (AbgQAnzo. AbjbAnjo and 
AbjjAnjj) wore masiurad over a ulda Tanga of 
taeperaiura (800-1609*0. Tho log n varsul 1/T 
relit Iona for all coopoaltlDne ahew rmLlnuaus 
curvature. In tha high teaper.tura region 
CPIIOO'C), tho vlieoaitv Incraagti aonotonical- 
ly with tncraasiei Ab content! bet the chango 
of vLscoelty with teti|>iratura iBeraaiia with 
increasing An concentration- Bancs cha 
viicoe It y- temperature ralatlona ihow a region of 
croBB-esari and at aufflctincly Lou taaparaturaa 
(1%739'C), the vlsceally Increases vlLh 
increasing An concent. Tha predictions of 
models based on Irea-volusa theory end the 
aaai-eopl rical modtll of Bottlngs and UalLl 
and Shew are In close accord with tha date 
lulthln + 0.2 In Log,nn In nearly all raaee). 
(Viscosity, Alb Ire, Anorthlta). 

J. Goophy*. Rea., R*d, Papar 1SQ617 


4270 ProparLtea ol mineral* 

NATVRAL AKH EALING OF PLS0CHF01C HAI0L3 IN ElhUTl 
SAMPLES FROM DEEP DRILL HOLES, FENTON HILL, NEW 
HEX ICO 

Randy Lasay and A. Will Ian Laugh! In (G«>clwicsi 
Uivlalon, Lo* Alaeoa National Laboratory, lo* 
Alaeoa, H*w HaxLco 875*5) 

Ez axil nation of *5 thln-aectlou ol Prauai.br |ao 
msuaurpbic snd Igneous rocka from (hraa doap 
drill tiolea In northern Hau Hexlco reveals a 
narrow depth- teapere cure range for annulling ol 
plaoohrotc haloaa in biotic*. Annealing of the 
helaas is first obisrvid la snap lea Iron a daptb 
ol 1850 m (l)4*C priasat tsaporalijra) and Is 
coaplet* Is asaplsi fron a depth el 2(20 m 
(151*C), Tha obasrvad reapers [urs of annasltng 
of the haloaa ia In good agreement vfrh earlier 
obsarvaefona of riasion crack anaaaliBg ln 
apatlta from thm iui core fuaplta, (Halo an- 
maallng, radioactivity). 

Caopbya. Fas- Lett.. Paper 1L0591 


4270 Prepare lea of mLneral* 

NEAP -INFRARED SPECTRAL REFLECTANCE Or H1HERAL Hll- 
TURESi SYSTEMATIC OWBINATIWiS OF PYROXENES, 
OLIVINE, AND 1R01I OXIDES 

R.B. Sieger (Planetary Ceoaclancaa, Htuall Inst, 
of Qaephyalce, L*nlv. ol Hawaii, Honolulu, HI 
96822) 

Near-infrared spectral reflactanca data are 
preaaetad far ayatematle varlatlona In weight 
percent of two enpunt nlacuroa af ferre-oagne- 
elae and lron-oxUa olnerala. Hluuraa uara 
cfaoaon for application to tba acudy nr tha dark 
mater lala on Hare, but ths result a aia equally 
applicable to mafic and ulcraoiflc aaseablsges 
a laavhsre ln the aolar lyettm. Olivtni apicLra! 
features are greatly reduced la contrast by ad- 
mixture of other phaasa but reoain distinctive 
a von for low olivine content!. Cllnopyrexene sad 
onbopyroxana mixtures shew resolved pyroxene 
sbinrptlonx naar 2 urn. The addition of llaonlta 
greatly aedlfiea pynnsna and ollvlsa reflactanca 
but deal net fully ellmlnaxi distinctive spectral 
charactsrlatlca. Using only spoctral data Id tha 
1-vm region it la difficult to differentials 
orchopytaxana end llmnita (gaothLce) In a mix- 
cure. Additional a pact ml covireg* or other 
evldenci may ba required for a unlqu* Intarpreta- 
t ion. All conoilte alnaral abaocptlona obaarvtd 
In this atudy ara either weaker than or Incar- 
msdlacu la stmgth to ths sndaembar absorption*, 
end hava banduidtha great. r than or equal CO thoia 
for tba audiuBfaere. In general, spactral propar- 
tlaa in an Intimate mlxLure combine In a coxplex. 
n era -add it lva manner, with faaturai dtawsuatlng 
a regular but usually arni-llnaar variation as a 
function of andcarter phaaa proportlOM. 

J. Qeophym. Raa., Rad, Papar 18071* 
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ION MICS0PBOBB TECSSTqUES AND AWLTBEB 

I. H. Btaela, B. L. Hstvig, I. ». lotehenn and 

J. 9. Smith (Beparcmast of Gaoyhralcal ■elancoa. 
Uni varsity of Cfaieags, Chicago, 1L 40537). 

Experimental conditions for major, minor and 
trace alemant enalyall of el Ivina and low-Ca 
pyroxene ara described and analyticsL securaey 
taatad using suites nf natural sophs spsanlng 
■ wide rang* of Kg/Fe. 

Special attention wia given tn UX>1« tteanll 

uses to avoid conical ration, initi metal vanm 

Lo eliminate hydrldaa in the aacoodsiy ion 
■prat ram, and so*q>U piaparaclM to 8l« 
precision la measured lnteaaiclai. lipraiRteF 

boLbanoat v>ra I Btdff •**■*•■ ^ ^ ' 

■sctmdsry ion opsetrum «*(eh were *JP ,r “ 
analytical poaka using mesa raaolntloo W/™) 
oyar 3000. Careful eeslyaia of that 
ion aptetrum allowed ejiolea of bi| ^ ° E . 

low mesa rMolutloa -Upa^teg nn tha pnnMi of 
iDLerfaroncea. Llthtua C0.003>. J ”■>> “V 
fO.01). Kg, Al (D O. 81. t O). * 1 !"■“*' m > 
(0.1), Fe, and Co a) ansly**d at Ww 
reiolucion with dacectlon llmita (pp«7 « ; 

IZntLaa. 

Include Ce (1). 5c (1), 71 <«. * <«» Ct tlJ 

"Bte^^dary-lW h*raaltira lot 

not correlate lir-rl,^th or-^tion^brrre» 

Pa la nearly Unaar. Tha lira 1 * wlgtioo or 

Kg/CKa *■ PaJ rad" » ■*" ■ a8 * u T , v ,, |«IIt 3r ** 

Mtion + /oiB + +v> ""‘fj 84 r»at. 

datacainaUM to wi chin *1 “J** .J* ****“£ , 

• or aiiatatlte content. Via] 
ascondsty Iona 1* a cwp)** £«**»« ' ■> 
Usn, a3 Kg+fsS “ 4 | P8 ^ Sl L 1 8 " B ^ t '^^ " 

rotated to aeomlc r «‘"J “ ^L D 7*tarm1oatl« | ! 

TO teat accuracy ot »1«M 1 

aa a ftmetion of major alamaot h 

eatondary-lan inteoaUl.. B „, 

oonppaitioni brand on atectroo ^^£7 
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1720 Intiiac ill-in taivaan solar wLn.1 an-l magrat,,- 
ipher* 

0BSEHAT1CW3 OF EFFECTS FRi.« HA'-MLTi'iYPHFD 1C (USP 
H0VEHEHT DURING A S 'lAR PFuKT LVFHI 
8. R. Brown IDayaricant .■! rhy.lts, Unlveeally of 
California, larlilty, CA. 44 1291 J. R. Blrfix. 

P. Slaunlng and 8. H. far a* 

Tbs Intsrplanaisrv sayncli: lltM un.leiw,nt a 

sitting auuthward turning *| ihr lorellon of lhe 

ISF.F-J apatecralt. with B < In ultlllfs r-.vjrdt- 

naiail dacrsaalrg Irom | n the Inter- 

val fron 13*0 UT |., IM» irf ,.n Avgust Z<>. |vl«. 
Svlsr wind ap««J nnivrvDvnl * ai thv ipirnraii 
Indicated that ilia ■-vjihwxr.l luinln* ,,f Ihr IK7 
■haul,] hava rrx-.hvd I ha f r.-1l -1 il,* ergnal-- 
■phara inwl I*. 1 * IT. ih« lira u,« a.j|*r 
piorcn avanl vt Avguai 1«. |1J'i via trill In pru- 
«rss*. ihtsarvsllvas Ir.-a bal k-. n-bvin* in I 
ground-bsaad lo#ti«*nr.n u-n In hr«pnl*nl in ih*i 
period, around 1415 ann,r|,. I-,<I tlnv. *hv-vj 
in ixpanslc-p vf the p-lar lip. ilia -:„ B p awing 
lomhvxrd b< ii la**i * dagreer In Imrvl* in li 
Blnutai, ltlrl lag *fcul,I |»35 uf. Ft.-ra rhvng.i 
lo ih* crtargvilc fha|«ii spttcrus xi l < 1 1-- .n il 1 1 - 
luda. || I* ih.vn t lu I l hc jivl il . r , r mrrft 

at S'-ndra SirAnfl-rd, ‘.reenlint prlr-, m ih, .--up 
D-tlun was In |h* rinxr 6-10 W IHirnaiu- 

■ pherk -uap. t.-Mrail, »,,l*l prernr, a.vnll. 
i. Gcc-phva. *i-9., Huo, p.iyar U0; |4 

57 K KtjMtlc ball 

ItASWl 9HFUT Kiri-TR IrJT.rr-Ji TTH HJ-v.va is:gs 
ICH KEA9.'TOGCT; 

H.X. Anfrews. E. F*[plut *v| p.w. Daly IH.P.I. 
fur Aeronaut? , D-Mll RstlerZurq-LInlaj, p.p.,;. 

Medium cmqy lcna neoaurmi by ISFE-2 us ufi-3 
to crovlda Infumtioi an plasm Rhaot notions 
during expansions foliating sjhataren. 
iqxiards speed of Ua plasna sheet e*p meoaursd 
locally is ocnronly 50 Wa. It te thought 
that waves ln tha form of field aliyied 
corrugation* of the sheet boundary »Y be 
responsible (or these hl^i speeds In sane 
cans. The boundary between the lobe and plana 
riieet Intensity riuxsa Is about 2 gyro ralli 
thick, or 1X00-3000 km at tbs energies 
Involved. After the passage of Che plan sheet 
boundary, particle fluxea dr I ft I a] Am Lowirds 
tha naitral sheet are often enccunbered, ThU 
la Lnfcerpretted aa mi E^B drift, and irplle* 
electric fields of about 1 which could 
hqUy high czoei-tail p otentiala. At the outer 
boxdary ol tha Hint, the aueaning ion law 
la fond to hava a paaked speetcun which saftana 
aa the plasm Aset la aypraxhad. The rlslrq 
plain diset baaidary, dMiward drifting flux 
tubes and ths behaviour of lhe steaming Ion 
layer are email tent with the ullvard ration or 

■ Edura regto together with a cross tall 
elaotiia field. A eouros location 50-100 % 
dwn-Uil win dsducad. (Plaen ahtat eqwaion] . 

7. Oeophya, Re*., Blue, Papar 1A0404 

5114 Magnetic tell 

DCTAILIO STUDY « ACOLE1ATI05 JHO Ft OP AC ATI DS 
OF EHIGET1C PROTONS AED E LECTORI IK WE 
RAC KZ TOT AIL D01IIR 97BSIOIH ACTIVITY 
E. Klrach (Kax-Pleaxk lull lute for AereBemy 
3411 Xat lenburg-Undau 1 H»*t Cermiay) 

S. H, Krlalgle (Applied Phyalca Labors tax?/ Ihc 
Johns Hopkins lhlrenlLy Uorel, Hit/ la ad 20110) 

(. T. Sarrfl and I. F. Lapping 

High lias raaolatles mSMurmula of resxgatle. 
panic la* (E_ > 0.27 KeV, l. ) 0.13 M«V) obt a la- 
id by i ha APL/JHU datactar along with megnlle 
riald mMaureefnli obtalaad ilmulteMoualy by 
the CSFC magnitoealir both aboard the _lMF-8 
■stellite In the dlitani maguiotell (I H — -16* 
Y m - *18, Zip, - *1.4 R.) are prate need am 
Xmebai 24, It7], uhsn ieveril of lhe high**! 
laterally patrlslt bursts ware daunted la 
marly - 9 ysars ef obiexvatlonp by the tKf-F 
sod HP-8 *p*c*er*ft. Ths Af Index and msgqalo- 
grasi of auroral alatlMS Indicate thst chin day 
ill* sods cat sly dlnterbed Hgmllcally, Ih* 
snargatio particle buraia wets airaclstad with 
rapid changis la Iks magnates (Bald, iKlwdleg 
both poilllm and M|atlvs iKulilna In tin 8, 
component . One of the patllsle bursts HI 

ueeepsnltd by a |iuilferl*dlc Mfife-souih (In- 
' ( M t loo ef (ha tall aageatU field. Ihs no Ml 
' of tho mast ■ Intisi* burst wsi aieoelatad with a 
' rapid chaste (- II y in - 4 Me) Is lh« 1, asm- , 
pentnti .during this bo r.r tha lateral ty of - I 

' Haf proccfli inctasted - 20 ase later than 
for « D,1 XsV pro I an a. Th* ipaeLrak Index for 

protons sod. sleetrao* ruled ft cm »■ 3 la * I, . 
Ihs appasrasei at a-F*rtiel*a si > 3.4 MaT *ed 
tba abianu ef > 2.0 tbV pretees reggaati ‘h* . 
preiiica ef alectrla field* capable el aatilir- 
stlai parrlelee np to - I H.v/ebargi, taring 
tha Meat ef tba Hit Istarae tarat aa nil- aa ■ 
daring other (Ina, oppositely directed aalas- 
. tropics ef prettfli and sleatrera psrallel ta th* : 
rail field lading up te-»0 mc hard bare 
ebasrred, peislbly lndlcalln| tba. preiem of 
. (lald-xllgaed •lictrla' fields. fa* *l ; the 
, berate : revealed Ibdt pretsni mod ■ lest r on* 
reached ooa parable Milan amarglii of - 1 ,«aV, ' 

' bat Hs alifiH* flux** vara enatly nailer by a 
. faeter - 10 to - IDO tbn'tha proto* flare* A 
The latent* bent* »i>nv*d epstUlly Mpusted • 
Sum ef pro toe* sad *|eot»o«i* exhibit tog largs 
Ullvard *alMtropl*a 10 il sad - 10**1 

fnmt-to-btck ratio for pceim* and elect real, 
-rofpxar lively)- 0Um« karate shown both, 

earihvard rad ullvard dlrosied proton set«e- 
tMPlS, Io ssoosietloo with mgaclre b Coo- 
Miunti. Saga c I ts ». coopomota rare oCsarred • ■ 
Jabs associated wlth^bOth cteaed sod opeo field. 
Un,, ge • dsterelud frpm elsetroe soiemirpp- .• 
Isa, tbs particle aod field abaarvattou *ra 
'-dUtetitd U lbs eoetast of proposed Mcbesltra . 
i tor iba seePllril lee of pstet»ra daring emrlews • 
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SPATIAL DlSrZIBuriUN >'F MFZi.FMC rxsri'-i.H IH 

IHK UlSTANT KAi-NkTuMI!. 

C. -l, Henp I April#. I Fiiyalce I atiiTamry, Ihn 

lohn* Hopkins I'ntverslar, l aurel, H |. JiiJIu) 

A, T. Y. lul, 9. H, *rlnlgle a 4. la-mil a*.) 

D. I, HI | liana 

The apaila) -llstrlhutlu'i al egergalLc r j >>(- 
clei In thr Jlitaot nigs«t..tsl I te assnlneJ by 
■■sing l-lentlrsl (era nf iwj caaplnrwntary ensr- 
R*tlc particle •■(•rlnmlr abuarJ th# IHf-2 and 
A spacecraft. Th# ■••mMnaJ lip-2 j n .l A j<ir sot 
rravlda* n#erl« M years ..I satellUs efca#r<a- 
tlon, The quanlllar l«s Jlatrlhui |.->ns -I en- 
ergetic elect runs In IWa e.'rxxy rn-i*#i (JO 
keV » t * 1«»» »eV. Z.’u 1,1 i f » :,9 HaV> an] 
eiiergertc pr-'lnne ( Nil 1,1 t [' • ; ;,i gay, j q.j 
kev s F » vw, kxvi are pretidiej in rrrua uf 
■•r.-uxrenf ■ Ixequan.-* *„.| Hi* .lveriqe (artl.-lc 
flu* ms<n*liv ,j»er -in S0 X , Fn • plan., 
perpendicular In *l.e *un-..*rth fir,*. Ti.f 's' 
ahape (ant- I# ,|| ai rlV,itl«n ny*r rl-e « .u, -,ix- 
nes-iephorlr K plan* In rl,r anl*..|ir Jlr«*xlun 
l« ,-learlv Jec uiar rai.,-1 ,( *|| ■■-.erglei art t.,r 


4i,|h Apec 
ipend a i -l 
r-in is 
railen. 
■Inel a tr 


Ice. Oia •>>' 
|h# n.ignel,,- 1 
ih* s-.eraK"-' 

A Jlxrlr—l , 


nn ■>! n 
nlh rtglt-n 
pl-ifna a r , 


■In** ai<-Ml,( l.i pirrlcln dlatrlluii.n U 

ubi-fv.-i I,, rhs pi i—3i I'.eri j,..| i .. , ina.r 

ealeni ill,, in rh<- c ignet islivjih, Eivrgeil. 
vlecirnne at- -Iparrc-.t -, , ,r „lit1 In rte o -ruing 
*IJ# ul the plaa-vl ihcul in-l pr<-i-,nj tn lb# 
evening side. Thr di-grue of aiyTwir, -III l-r# 
Inr e lee l runt *n,| pr il-ini .mil Is rgr |e- 
pradeni, r.nc-9Agnet lr n-tlvlc. -Ill# is ■),# 
parrlrl# -flsixlbutlon iubat mi I all*. ai high 
r>r-irn«llr «<-rIrlrr. rv - „>rr-*.r r re ,, 

Inc res,-* h, iC-ul > I ,r 

Avwraxu 1 1 -1C Inlvnalo I* .. .f w ,,ni- 

rarely enc order r-l -*ixnlr„.|n. 

J. Ceuphgm. Rea., Blue, Pspex UH392 

5-39 Ploa-ix in>labliltlel 

j|]n.ljlTloS OT THE •ri-pUEVa-CBlVEJA ELECTPObTATlL 
!■' ! CYCLCimOS IhiTAS LL ITY 

F.L. Frllehett iBeparcnent of Phcelcs, Vnlver- 
*ltv ->l Cal If oral* , Ul Argele*, CA k'fllll 
.1. Asr-.cniT-Abial 1* And J.M. fivlon 

Parted* *L=-jUtlone ere enploys-d In s eelf- 
ccnilaranr (n/ratlgacl-'n of xho gx-jwth ji »1 naru- 
tAtlom of c-arront- Jr Ivun Instebl lltle* alcng 

ajrnrml field ilcea. Ion cvclotron wave* ax* 

I ourj to grew to Level* eJAT- •• 0.2 -■''.4, which 
are ccejaiit-la with cha level* observed ty she 
SJ-1 emrellltB. In cha present lois isl-vel-ic 
caUilailoni, aaeureilon le dae Co platean fors- 
atloa -in the oleccron dlBtxRb-illen fur.cilco. 
Eaclcacicn nf Che Ion cyxlucxon wave. Irmle to 
e-Jersi* f. 4 r 'll perper-ilEular hear lag ol ih* 
lens bit does nei produce a Mgh-enerpv cell. 

The s-iscclateJ errraJoue rislstlvicv I* rela- 


tlvelv *-dll a 


lapl leal 1-ar.a cf 


three resulSB fer rliarvailon of ina cyclotron 
waves on luxoral field More are JlecuiraJ. 
Ceaphys, Has. Ult., Psfir U0726 

5763 Pis* mu Insubilillee 

THE HOLE Or MISS LS MAGNETOS P HE RIC 

CHORUS EMISSIONS 

M. C. Kcau (The Aerospace Corporation, 

R O. Don 42457. I jam Angeles, CA 90003) 

Many teaearchere have reported that urrnw- 
band Files cm lea Sane ere elmaliaaeduely present 
with eli chorus emissions oulitdm of the pLssma- 

3 hare. In date from the SCAT! LA satellite 
orus emissions ere oltu observed to start at 
frequencies (hat Arm uliMn ■ hiss band. Hiss 
band spectra averaged far 6.4 a wdtfa a resolu. 
tloa of 5 Hi are very smooth. HaUtive maxima 
era typically less than 2 db above adjacent 

minima. Spsctra obtain ad on * JOCi ma sarr.pl e 

•how Urge variations in amplitude bstatan 
adjacent Lina with relative maxima ID lo IS db 
shore adjacent minima. Else irons fa s narrow 
range of energies and pitch an|l» cam ha 
urginixtd in phase by the doppler- shifted cyrlo- 
truB resonaac-e with thb larger amplitude 
spectral compdeaaie In thehUi band. Ths 
bsnd»idih ml the cyclotron resonance Is foiiod 
lo be nuUlcleniiy narrow so that lira nit cl ran* 
de phased by waves In adjaqani portion* 
of tba highly structured apsctcum. The aniptl- 
tuds af the htaa ii Buffleient to glgnlf leant ly 
phase bunch the elecirowa ie Ih* celcidaced 
inisrjcllaa terns. Iba ckoiw emits I on U then 
ItotniM it tha phase bunched elect nun moved 
adiabatic ally *|M| the |HimimUc field line. 

No Bvidepce lot tnuou chrome tie inpal *uni such 
• e power line harmonic radiation are found fn 
the SCATItA data wltbln ibehlee binds from 
whkh chorus ia obf erved » ba triggered. Thie 
m* obBBlsm can t|to Ittautt tor the atwirue 
eniliBlon* dsiectsd si fraqeanciee above i hies 
band In Urn Jovian znagne|oephere. (Chorus 
f mlstloM, whiftiere. hits). 

J. fisepbya. gas,, Une, Pspsr 1 A0 7 44 

^7B» (Miller 

■STW 30” I>P FHALUL iLrt?dIO' riaUd Qb 
gjld7ld^ *AYE i']Oi*^trd iLT ic» 

K.81tb|h{llepartHint of fbyhlnn.B.B.S. 

Agra, Indin>2R3U)5) 

- y?!*5 orpmUol eleotrlo n*ld« 
oa bftUtler wrt propaghtloq lb * tad led . 
«iui tb* help pf raj- tTMiHz esapukn- 
t Lone • 1 t lb ehomo that la tb« preeeoo* 
of udi field u th* whistler row paths 
dofoeuaed and their final «av4- 
nor«ala et tbs bu* or r regtoo Looo- 
apnar* la the opposite hbnlopher* are 
man that tho wave* would nob be obser- 
sroupd . In to* abiOM* of 
mltobl* duote borltoothl dinOlty 


K oilmto exutlng In the Jo* lotltud* 
noenhtr* seen to ploy loporiont rol*e 
t° vbutlar nrspigstisu to grouid 


la ra Letter propegatlcos go crouad 
« tsltaae , (Tbletler eleotrlo fields, 

7™ none big TV phthe) 

a. Coophys. Re,.. n«*, p 4 p« r U0519 


